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a INTRODUCTION 


By Chester S. Keefer 
Evans Memorial Hospital, Boston, Massachusetts 


In this monograph, we shall have a number of papers dealing with many 
‘important aspects of the new antibiotic, terramycin. A wide variety of 
‘topics will bediscussed. First, we shall hear about the source and the physical 
and chemical properties of terramycin. This will be followed by a discussion 
of itspharmacologic actioninanimalsandinman. Then, we shall hear about 
its antimicrobial and experimental chemotherapeutic action. Finally, the 
results of clinical evaluation will be recorded. 

In the space allotted to me, I shall attempt to sum up the role of ter- 
ramycin asa chemotherapeutic agent inman. WhatI shall say will be based 
upon the reports that have been included in this monograph, together with 
a study of a summary of 1000 case reports, submitted to me by Dr. Gladys 
Hobby, and personal experience with a few patients. My information, 
then, has been obtained from a pool of data, and it is the combined product 
from several sources. 

For the purposes of this discussion, I have divided the diseases into three 
groups: (1) diseases in which terramycin has been effective; (2) diseases in 
which terramycin has had a partial effect and in which more studies are 
required; and (3) diseases in which terramycin is ineffective. 

First, let me say something about the diseases in which terramycin has 
been an effective chemotherapeutic agent. 

There is general agreement that pneumococcic pneumonia responds in a 
favorable manner. The response in patients with bacteremia is slower than 
in those without bacteremia, and, in the experience reported by Finland 
and his associates, the period of recovery is slower than that following peni- 
cillin or aureomycin. Also, the incidence of complications is reported to be 
higher in a small group of patients. Finland also reports that the bacterial 
flora of the sputum was frequently replaced by staphylococci. The sig- 
nificance and importance of this observation cannot be fully assessed at 
the moment. In any event, it is plain that terramycin is effective in the 
treatment of pneumococcic pneumonia. 

Kneeland reports the prompt and favorable response of patients with 
primary atypical pneumonia following terramycin. The results are compar- 
able with those of aureomycin and chloramphenicol in this disease. Pneu- 
monia due to mixed bacterial infections, obviously an extremely difficult 
group to assess, has shown a slow but satisfactory defervescence. The same 
may be said for a wide variety of undifferentiated upper respiratory infec- 
tions with a mixed bacterial flora. Here, the bacterial fiora is changed, and 
there may be prompt improvement in the patient’s symptoms. Recovery 
from hemolytit streptococcic infections, including erysipelas, cellulitis, ton- 
sillitis, and pneumonia, occurs promptly. a . 

The situation with respect to staphylococcic infection is most interesting. 
Rantz reports that a large number of strains are sensitive to terramycin and 
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resistant to penicillin. Finland and his colleagues relate that they have en- 
countered a number of strains of staphylococci, derived from patients who 
had not received terramycin, that were more resistant to terramycin than 
to aureomycin. Moreover, the same group report that staphylococci fre- 
quently appear in the sputum of patients who are being treated with ter- 
ramycin for pneumococcic pneumonia, and, in urinary tract infections, 
coliform organisms were replaced, in some instances, by staphylococci. 
The results of terramycin treatment of patients with staphylococcic infections 
have been favorable on the whole. There have been failures reported in 
urinary tract infections and in bacterial endocarditis due to staphylococcic 
infections, but staphylococcic infections in these locations have also re- 
sponded in a striking manner, depending upon the staphylococcic bacteria 
present. 

It would appear, then, that the clinical results have been favorable in 
most instances. Explanations for failures and for differences in sensitivity 
should be explored. 

Brucellosis. The results reported by Knight demonstrate the positive 
effects of terramycin in brucellosis. Relapses continue to occur in this 
disease after treatment is stopped. Combined antibiotic therapy is now 
being explored to ascertain whether the relapse rate can be reduced. Also, 
long continued treatment is being carried out in order to prevent relapses. 

Rickettsial diseases. Experimental and clinical studies by Smadel, Rose, 
Snyder, Parker, Bauer, Benson, Hall, Hightower, Joslin, Woodward, and 
others disclose the positive effect of terramycin in rickettsial infections 
causing epidemic, murine, and scrub typhus, Rocky Mountain spotted 
fever, and rickettsial pox. 

Venereal disease. When large doses of terramycin are given for such 
diseases as gonorrhea, lymphogranuloma inguinale, and granuloma inguinale, 
prompt and positive effects are recorded. 

Other diseases that have been reported with a positive response have in- 
cluded yaws, bacterioides infections, Vincent’s angina, intestinal amoebiasis, 
and bacillary dysentery. 

Now let us focus attention upon the group of diseases in which terramycin 
has been used and in which the results have been suggestive of a positive 
or partial effect. In view of the reported results, we need additional informa- 
tion and, in some cases, long term studies in a number of diseases. 

First of all—epidemic influenza virus infections. The experimental evi- 
dence by Quilligan and Francis and by Kass and his associates suggests 
that terramycin had no protective effect in the incubating egg or in mice 
infected with influenza virus. Moreover, it had no effect on the course of 
influenzal infection in mice when they were treated. We are told by Kass, 
Barnes, and Finland that a few patients with proved influenzal virus infec- 
tion improved rapidly following administration of terramycin. Two other 
investigators report no effect, and a fourth says that a therapeutic effect 
was apparent. Obviously, since there is a variation in the clinical results, 


we need further study on larger numbers of patients with proved epidemic 
influenza. 
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_ Pneumococcus meningitis, a serious disease with a high fatality rate, 
regardless of the form of treatment that is used, has responded favorably to 
treatment in three of five patients. Recovery from pneumococcal peri- 
- tonitis has been reported in a single case. Both of these infections should 
be explored further. 

With Friedlander’s pneumonia, four of seven patients have recovered, and 
the response to treatment of these patients has been prompt. This subject 
needs additional study with many more cases. 

Actinomycosis, anthrax, peritonitis, Reiter’s disease, and tularemia have 
all been treated in a few cases. The results are said to be satisfactory, and 
this should stimulate all of us to explore the possibilities of terramycin fur- 
ther in these diseases. 

In pertussis, it is reported that terramycin has shown clearing of organisms 
from the nasopharyngeal cultures and apparent improvement in the cough 
and general condition. Jackson, Chang, and Barnes say that the clinical 
results were similar to those obtained with aureomycin and chloromycetin. 
Welch reports “good”’ results. 

Terramycin has a definite spirochoetal action in syphilis. Treponemata 
disappear from lesions within 2448 hours. Obviously, too little time has 
passed to allow any assessment of final results. This will require several 
years. 

We may now discuss those infections in which there is general agreement 
that terramycin is not effective. They are B. proteus and Pseudomonas 
aeruginosa infections and infections due to the typhoid bacillus and other 
Salmonella infections, such as gastroenteritis or localized infections in other 
areas. Preliminary studies in such diseases as regional ileitis, ulcerative 
colitis, pemphigus, malaria, trichinosis, and H. influenzae meningitis have 
been disappointing. Of the virus diseases in which terracmycin has been 
studied and the results have been negative, the following can be mentioned: 
mumps, measles, chickenpox, smallpox, herpes simplex, and in most cases 
of herpes zoster and lymphocytic choriomeningitis. 

From the reports, all of us are interested in predicting the place of ter- 
ramycin in chemotherapy with reference to other available antibiotics. 
Forecasting the future of any new agent is always difficult and must be based 
upon available data of performance at the time the forecast is made. 

I believe that terramycin will take its place along with the other avail- 
able antibiotics for the treatment of many infections. Like other antibiot- 
ics, it is a powerful anti-infective agent. In general, it has the same bac- 
terial spectrum as aureomycin and penicillin, on the one hand, and 
chloramphenicol and streptomycin on the other. It should be added that 
the diseases in which penicillin has no effect and in which aureomycin, 
chloromycetin, and terramycin are effective include rickettsial disease, 
primary atypical pneumonia, brucellosis, lymphogranuloma venereum, and 
granuloma inguinale. 

In short, another powerful antibiotic has been introduced. The side 
effects, aside from gastrointestinal disturbances, have been minimal. Skin 
eruptions have been reported but they have been transitory. 


_ ANTIMICROBIAL AGENTS FROM NATURAL SOURCES 


By Jasper H. Kane, A. C. Finlay, and B. A. Sobin 


Biochemical Research Laboratories, Chas. Pfizer and Co., Inc., 
Brooklyn, New York 


As we review man’s ageless efforts to improve his environment, as well 
as his continuous struggle for existence, we are impressed with the tre- 
mendous developments in certain branches of science. In the beginning, it 
seemed only natural that man should have turned to nature to cure himself 
of nature’s ills, and his early searches for natural curative agents lead to the 
use of herbs, plant extracts, magic charms, efc. As our knowledge increased, 
there occurred a fusion of the sciences of general microbiology, bacteriology, 
and medicine, which is represented today by chemotherapy. 

Continuing our review for a moment, we pass from Fracastorius’s theory 
of contagion in the 16th century to the construction of a microscope by the 
Janssens at the turn of the 17th century. This was followed, some years 
later, by the discovery of a hitherto unseen world of microscopic creatures 
by the Dutch scientist, Leeuwenhoek, who utilized the much improved lenses 
which he made in his own laboratory. In the 19th century, the work of 
Schwann and, later, that of the great Louis Pasteur showed that some of 
- these microbes were the probable cause of certain infections. Lister and 
Koch followed and further demonstrated the close relationship between 
medicine and bacteriology. 

In 1896, Gosio showed that a fungus, apparently a species of Penicillia, 
could produce a definite compound which was active in vitro in preventing 
the growth of the anthrax bacillus. Some years later, pyocyanase was 
carefully studied by Emmerich and Low. As is well known, it is a product 
of Pseudomonas pyocyaneus and is highly effective in the destruction of 
many pathogenic bacteria. The concept of a rational approach to drug 
therapy was elaborated a few years later by Paul Ehrlich, who conceived 
the notion of starting with a toxic substance, such as arsenic, and introduc- 
ing it into various organic compounds with the hope of obtaining a structure 
which would produce an effective differential action on the disease-producing 
organisms and the tissue cells of the host. Hissignal success with Salvarsan 
may be considered as the beginning of modern chemotherapy. 

Unknowingly, of course, these workers were plowing the first furrows in 
the antibiotics’ field. 

In subsequent years, the heralded hopes of synthetic chemical therapy 
began to fade, only to be revived by the advent of the sulfa drugs and the 
numerous reports relating to the phenomenon of antibiosis, high-lighted by 
Fleming’s discovery of penicillin in 1929 and Dubos’s work with gramicidin 
about ten years later. The initial work of Woods and Fildes on the mecha- 
nism of action of the sulfonamides also caused widespread interest, which 
continues up to the present time. The developing theories of essential 
metabolites also have lead to continued investigation in the field of vitamins 
and antivitamins. 

The discovery of streptomycin by Waksman, in 1944, illustrated the 
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successful result of systematic screening and greatly stimulated the organiza-— 


tion of more extensive antibiotics’ screening programs in various industrial 


wo 


and university laboratories. From such well-planned projects, there have 


‘since come chloramphenicol, aureomycin, and, more recently, terramycin, 


the newest of the important antibiotics. 

Terramycin was first discovered and isolated in the Biochemical Research 
Laboratories of Chas. Pfizer and Co., Inc. It was obtained as the result of a 
carefully planned research program which began with the collection of 


thousands of soil samples from various parts of the world. By enlisting the 


aid of foreign correspondents, explorers, travelers, and friends, soils from a 
multitude of locations on the various continents were obtained. From 


- Alaska to Australia, from the banks of the Amazon to the shores of the 


Ganges, from the swamps of Florida and from the Swiss Alps, collectors 
scraped up small portioas of earth for mycological studies. 

Upon receipt, each soil sample was carefully catalogued by mycologists, 
with special reference as to date and source. Each sample was then “an- 
alyzed,” in a microbiological sense, by plating out aqueous extracts upon a 
variety of media so as to permit the various types of microorganisms present 
therein to grow into recognizable isolated colonies. The necessity for a 
variety of media probably is obvious, inasmuch as it is known that a medium 
which may favor the growth of certain bacteria may be very poorly adapted 


for the growth of the fungi and actinomycetes. The reverse statement is 


equally true. 

After the colonies of these varied soil microorganisms had developed, a 
transfer was made from each into a test tube containing a sterile agar 
medium. After an incubation period of approximately a week, most of the 
organisms had grown sufficiently so that inoculum was available for the 
next step, which was to determine just which of them would produce detec- 
table quantities of an antibiotic under our growth conditions. For this 
purpose, small amounts of appropriate media, contained in Erlenmeyer 
flasks, were separately inoculated from these test tube cultures. After an 
incubation period long enough to permit a relatively profuse growth, samples 
of the broth were withdrawn and tested for general antibiotic activity by 
saturating paper discs, which were then transferred to Petri dishes containing 
culture media favorable for the development of the pathogenic organisms. 

When searching for an antibiotic of potential usefulness against tubercu- 
losis, one uses, of course, selected strains of Mycobacterium tuberculosis. 
Likewise, when searching for an antibiotic for use against Salmonella infec- 
tions, one uses selected strains of this species of bacteria, etc. Portions of the 
antibiotic-containing broths are also tested simultaneously for their possible 
antiviral action, using both chick embryos and small animals. In theory, 
at least, one might screen simultaneously against almost all important 
microorganisms. Such 5 task is so immense, however, as to require an 
organization far larger than any which one could afford. The best one can 
do is to select a representative from the principal groups of infectious disease 
organisms, hoping thereby to obtain a preliminary indication of the mi- 
crobial spectrum of these new antibiotics. Terramycin, at this stage, 
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showed marked activity against a variety of bacterial species, including 
individual strains of Staphylococcus aureus, Brucella bronchiseptica, Escher- 
ichia coli, Klebsiella pneumoniae, Salmonella paratyphi, Salmonella schott- 
muelleri, Bacillus subtilis, and Aerobacter aerogenes. 

The relatively few soil microorganisms which demonstrate definite and po- 
tentially useful antibiotic activity in this test are then grown in larger quan- 
tities of fermentation media, so as to afford enough antibiotic in semipure 
form to permit further characterization studies as to the specific nature of 

‘the active agent. At this point, the principal objective is to differentiate 
between already known antibiotics, which are of but little interest, and new 
antibiotics which might find usefulness in chemotherapy. In our experience, 
most of the antibiotic-producing soil organisms which survive the initial 
bacteriological screening are eliminated here. Streptothricin and strep- 
tomycin producers are notat all hard to find, whereas cultures which produce 
other well-known antibiotics appear far less frequently. 

Those antibiotics which survive these preliminary characterization tests 
are then carefully studied as regards their toxicity. Even after preliminary 
pharmacologic studies, it is not always possible to state definitely whether a 
new antibiotic will be safe to use in humans. Those which demonstrate an 
extremely high toxicity usually are set aside for investigation as to their 
usefulness in fields other than chemotherapy. The very few cultures which 
remain, and they constitute a minute percentage of the original number, 
are then grown in small tanks for the purpose of producing sufficiently large 
quantities of the antibiotic for recovery and purification studies. For 
example, after screening several hundred thousand soil microorganisms, one 
is unusually fortunate if one or two organisms continue to be of interest. 

After the new antibiotic has been isolated in pure form, it undergoes ex- 
tensive pharmacological and animal testing to determine its safety in both 
small and large animals. At the same time, animal protection tests are 
carried out to determine the effect of the antibiotic on various infections 
in small animals experimentally inoculated with different species of patho- 
genic microorganisms. These investigations usually require an extended 
period of time, ranging from three to six months, minimum, up to as long 
as several years. When a new antibiotic has successfully passed all tests, 
it is then ready for clinical trials. 


Conclusion 


We have described a comprehensive research system which can be used 
for the discovery of new antimicrobial agents from natural sources. 

Terramycin, an antibiotic which is very effective against most of the 
Gram-negative and Gram-positive bacteria, spirochetes, rickettsiae, and a 
few viruses, was discovered as a product of Streptomyces rimosus, a new 
species of actinomycete which was isolated as a result of this system. 


Pate Ia. Samples of soil from widely separated parts of the world. The differences in the appearances 
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ss By Peter P. Regna and I. A. Solomons 
Chemical Research Laboratories of Chas. Pfizer and Co., Inc., Brooklyn, N. Y. 
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__Terramycin is a highly active antibiotic isolated from the elaboration — 
_ products of the actinomycete, Sirepiomyces rimosus, when this microorgan- 
_~ ism is grown on suitable culture media! It has been demonstrated in our 
laboratories that the antibiotic has a marked effect against a wide variety of 
microorganisms, including many of the Gram-positive and Gram-negative 
bacteria, both aerobic and anaerobic, the rickettsia, and certain of the vi- 
ruses.2*? The present paper deals with preliminary observations on the 
isolation and chemical and physical properties of this antibiotic. : 
_ Terramycin may be isolated from solutions by a number of methods. 
In the initial isolation, a culture filtrate of the microorganism was extracted 
with n-butanol and transferred into dilute acid to give a crude concentrate 
of the antibiotic. Chromatography on Florisil yielded a high potency 
fraction, which was purified further by extracting into butanol and re-ex- 
tracting into dilute acid. Pure crystalline terramycin dihydrate of constant 
elemental analysis was obtained by dissolving the crude material in dilute 
acid, adjusting to neutrality with alkali, and repeating this procedure. 
_ The antibiotic homogeneity was demonstrated by chromatography on paper 
and by counter-current distribution. 

The crystalline antibiotic is an amphoteric substance forming crystalline 
acid and basic salts which are readily soluble in water. At its isoelectric 
point, however, terramycin is rather insoluble in water. Further, terramy- 
cin, its hydrochloride, and its sodium salt are reasonably soluble in acetone, 
methanol, ethanol, and other polar organic solvents. 

Preliminary studies on the stability of terramycin and its salts have shown 
that this antibiotic compares favorably with the more stable antibiotics now 

; n common use. In the dry crystalline state, terramycin and its hydro- 
chloride show no detectable loss in potency on prolonged storage at room 
temperature. Slightly acid solutions of the antibiotic have the same marked 
stability. Basic solutions are only slightly less stable. 
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Experimental 


Assay. The activity of terramycin was followed by means of a turbidi- 
metric assay described by Kersey,‘ utilizing Klebsiella pneumoniae Pi C. I. 
602 as the test organism and an incubation period of 3.5 hours. Crystalline 
anhydrous terramycin was used as standard. 

Isolation. ‘The initial isolation of terramycin was carried out as follows. 
A broth, assaying 200 y/ml., was adjusted to pH 2.5 and filtered from the 
mycelium. The filtrate (10 liters) was adjusted to pH 7.5 and extracted 
several times*with n-butanol. The butanol extracts (10 liters) were com- 
bined and evaporated im vacuo at 50°C. to 1 liter and extracted with small 
portions of 0.1 N hydrochloric acid. Neutralization of the extract with 
0.1 N sodium hydroxide yielded an insoluble amorphous brown. product 
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which was dried in vacuo. A portion of this product was dissolved in dilute 
hydrochloric acid and passed over a 80 cm. X 40 cm. chromatographic 
column containing Florisil. The column was first developed with 4700 
ml. of water, which was collected in four fractions, three yellow and one 
red, possessing little or no activity (TABLE 1). Development was continued 
with 2000 ml. of acetone, which removed a light yellow band containing 
the major portion of the antibiotic activity. Subsequent fractional elu- 
tions of the column with methanol and with methanol containing hydro- 
chloric acid yielded less active colored products (TABLE 1). Those fractions 
containing solvent were diluted with water, acidified to pH 2.0, concentrated 
under reduced pressure until free of solvent, and freeze-dried im vacuo. 
The most active fraction (No. 5, TABLE 1) was dissolved in water, adjusted 
to pH 7.5, extracted with n-butanol, and re-extracted into 0.05 N hydrochloric 
acid. The acid solution was concentrated in vacuo, and the crystalline 


TABLE 1 
CHROMATOGRAPHY OF TERRAMYCIN ON FLorisit CoLUMN 


Tr acti Dry solid 
is se Developing solution, ml. Color polency 
y/mg 
1 470 water yellow 3 
2 450 water yellow 3 
3 1280 water yellow 10 
4 2500 water red 15 
5 2000 acetone light yellow 500 
6 520 methanol yellow 180 
7 900 acid methanol pink 80 
8 550 acid methanol brown 30 
9 840 acid methanol yellow 3 


product which precipitated was redissolved in the minimum amount of 
dilute hydrochloric acid and carefully neutralized with 0.1 N sodium hy- 
droxide to yield crystalline terramycin dihydrate. The crystals of terramy- 
cin so obtained are biaxial and show parallel extinction. Refractive indices 
are:a = 1.634 + 0.004, 8 = 1.646 + 0.004, and y = >1.70. 
Determination of Homogeneity. (a) Paper Chromatography. Paper parti- 
tion chromatography was used throughout the purification studies as an 
indication of the biological homogeneity of the material. An apparatus 
for paper partition chromatography, similar to that described by Goodall 
and Levi,° and employing ascending solvent flow,® was used in the chroma- 
tographic studies. An investigation of several solvent systems showed that 
n-butanol-acetic acid-water is superior for development. 

' Solutions to be chromatographed were placed on spots along a line two 
inches from the edge of a sheet of Whatman No. 4 paper in amounts con- 
taining 2.5 to 20 y of terramycin. The solvent was run for a suitable length 
of time (usually 16 hours) in an atmosphere saturated with the solvent. 
After development, the sheets were dried at 60°C. and the migration of the 
antibiotic was determined. Under ultraviolet light, terramycin exhibits 
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FicureE 1. FIGURE 2. 


exhibited fluorescence under ultraviolet light (rIcURE 1A). With increasing 
purification, however, the chromatograms became less complex. Crystal- 
x line terramycin exhibits a single elongated spot by biological and fluorescent 
St detection (FIGURES 1B and 2B). By development in n-butanol-acetic acid 
mixture, suggested by Partridge,’ terramycin has an Ry value of 0.55. 

(b) Counter-Current Distribution. The homogeneity of the purified ter- 
ramycin was tested by the technique of countercurrent distribution. The 
a terramycin was distributed between n-butanol and Clark and Lubs pH 2.5 
‘ buffer. Under these conditions, terramycin has a distribution coefficient 
of about 1. The coefficient is independent of concentration. 

4 The distribution was carried cut in a 24-plate Craig machine.* n-Butanol 
| and the buffer solution were equilibrated and introduced into the apparatus. 
Terramycin (172 mg.) was distributed after dissolving it in the aqueous 
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Ficure 3. Craig distribution of crystalline terramycin between n-butanol and pH 2.5 buffer. 


drochloride in aqueous solution is titrated with standard sodium hydroxide, 
a curve typical of the titration of the salt of a weak base is obtained. The 
amount of alkali consumed. corresponds to an equivalent weight of 490 
for terramycin hydrochloride. Further titration studies show that ter- 
ramycin contains, in addition, two weakly acidic groups, as measured by the 
consumption of two equivalents of sodium hydroxide. The molecular 
weight of terramycin was determined ebullioscopically in methanol. An 
anhydrous sample of the base dried at 100°C. for 3 hours showed a molecular 
weight of 440 + 30. 

Properties. (a) Terramycin Dihydrate. Qualitative analyses of terramy- 
cin for sulfur, phosphorus, and halogens were negative. The antibiotic 
gives positive ferric chloride, Pauly, Friedel-Crafts, Fehling, and Molisch 
tests. The crystalline terramycin dihydrate was dried to constant weight 
im vacuo over calcium chloride at 25°C (PLATE IVa). The dihydrate melts 
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a. Photomicrograph of 
crystals of terramycin 
needles crystallized from 
water. X 100, polarized 
light. 


b, Photomicrograph of 
crystals of terramycin hy- 
drochloride needles crystal- 
lized from methanol. X 75, 
polarized light. 


c. Photomicrograph of 
crystals of terramycin hy- 
drochloride platelets crys- 
tallized from water. X 75, 
polarized light. 
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Ficure 4. Ultraviolet absorption spectrum of terramycin and terramycin hydrochloride. 


_ Analysis. Calculated for CoHuNoOo:2H.0: C, 53.22; H, 5.68; N, 5.64; 
* (HO, 7.26). Calculated for C-H..N0;-2n.0: C, 53.00; H, 0.07; N, 
5.62; (H,0, 7.23). Found: C, 53.05; H, 5.91; N, 5.64; (H,0, 7.40 Karl 

Fischer determination; 7.31 volatile, 56°C. at 100 microns), 

In pH 4.5 phosphate buffer (0.1 molar), terramycin has an E ,'%2 = 240, 
= 249mp; E112, = 322, = 276my;and E74, = 301,A = 353 mp. With 
decreasing pH, a shift toward lower wave lengths is noted, and, with increas- 
ing pH, a shift toward higher wave lengths. In methanol, terramycin 
hydrochloride shows an E,'% = 331, = 265 mp and E,'% = 283, = 
366 mp. Terramycin has an E34 = 319, = 265 muwand an E 2 =< MOI. 

\ = 367 mp (rIcuRE 4). Characteristic absorption bands in the infrared 
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refi o hydrochloride from water at 50°C., platelets are obtained (PLATE 


LVC). 

. Deere Found: C, 52.80; H, 5.14; N, 5.80; Cl, 7.16. _ _ 
Other hydrohalide salts were prepared by this procedure using the appro- 

priate acid. | 
(c) Terramycin Sodium Salt. The sodium salt of terramycin was prepared 

as a yellow crystalline compound. Terramycin (2 g.) was dissolved in 75 

ml. of warm methanol and filtered and to the filtrate was added, slowly, a 

methanol solution containing 0.5 g. of sodium hydroxide in methanol. 
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Ficure 5. Infrared spectrum of terramycin. 


Addition of 1 equivalent of base forms an amorphous yellow precipitate that 
redissolves on further addition of alkali. The clear solution was allowed to 
crystallize during 4 hours at 5°C. The crystals were filtered, washed with 
methanol, and dried im vacuo over calcium chloride to yield the disodium 
salt of terramycin which analyzes for CosH»2_.N209Naz:2H20. 

Analysis. Found: C, 47.96; H, 5.15; N, 5.26; Na, 8.82. 

The potassium salt of terramycin was prepared by the procedure described 
for the sodium salt. 

Solubility of Terramycin and Its Salts. The solubility of terramycin, its 
hydrochloride, and its sodium salts was obtained by equilibrating an excess 
of the material with solvent at 25°C., separating the undissolved antibiotic, 
and biologically assaying the terramycin in solution. The results of these 
observations are summarized in TABLE 2. 

The solubility of terramycin in organic solvents shown in TABLE 2 is 
decreased by the addition of water. In general, little increase in solubility 
is observed with increasing temperatures. Although high concentrations 
of the hydrohalides in water can be prepared (e.g., 1 g. of terramycin hydro- 
chloride can be readily dissolved in 1 ml. of water), these solutions hydrolyze 
on standing and deposit crystals of terramycin. Hydrolysis is retarded by 
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the addition of excess acid or by treating with an excess of sodium hydroxide 
forming sodium terramycin. The solubility of terramycin in unbuffered 
aqueous solutions at pH 1.2 to 9.0 was determined after } hour equilibration 


‘at 23°C. The amount of dissolved terramycin is shown in TABLE 3. 


Stability of Terramycin. Dilute aqueous solutions of terramycin hydro- 
chloride are very stable. At pH 1.0 to 2.5, there is no detectable loss of 


activity at 5°C. or at 25°C. over periods of at least 30 days. Samples stored 


TABLE 2 


SOLUBILITY OF TERRAMYCIN, TERRAMYCIN HyDROCHLORIDE, AND THE SODIUM SALTS OF 
TERRAMYCIN IN VARIOUS SOLVENTS 


Solubility (y/ml.) 


Solvent : Sodium 
Terramycin kee cm sali of 
terramycin 

ithanole sese ste was etree ata ka 12,000 12,000 8,000 
CRIA, OU SG) Eo evtes, 3 aA es orotate 200 33,000 — 

INFEEHIAMIOL Creo toro rere acre eae ero ae 20,000 30,000 1,500 

PNCELONE Sete. seen ce ws ere ee ae aa 7,000 2,500 2,000 

DOU AIACELONG <n et Are rie ana. 430 53 ,000 21,000 
Propylene Glycol _ 54,000 — 

Butanol 190 3,300 11,000 

DOXANG OME Sore INTE oon eae wmAG Saat 9,000 5,300 8,000 
[cary S18 Teta & coe) el ee eee ge ee _— 300,000 — 

TABLE 3 


SOLUBILITY OF TERRAMYCIN IN AQUEOUS SOLUTIONS AT 23°C. at Various pH’s 


pH Solubility (y/ml.) 
iz 31,400 
Zay 4,600 
3.0 1,400 
4.0 850 
5.0 500 
6.0 700 
7.0 1,100 
8.0 28 ,000 
9.0 38,600 


at 5°C. at pH 3.0 to 9.0 show no detectable loss on storage for at least 1 
month. The half-life of terramycin at various pH’s and at 37°C. is indicated 
in TABLE 4. Weighed quantities of terramycin were dissolved at the 
desired pH in Clark and Lubs buffers to give concentrations of approxi- 
mately 200 yml. The solutions were stored in ground glass stoppered flasks 
which were m4intained at 37.0°C. Samples were withdrawn at intervals 
for biological assay. When the concentrations of terramycin are plotted 
against time, exponential curves are obtained which, when plotted on semi- 
logarithmic paper, produce straight lines (within experimental errors). 
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Terramycin can be considered quite stable in acid solutions. In alkaline 
solutions, its stability compares favorably with that of streptomycin. 
Stability of Dry Terramycin Salts. In the dry crystalline state, terramycin 


and its hydrochloride show no detectable loss in biological potency on pro- — 


longed storage at room temperature. Even when the hydrochloride is 
maintained at 50°C. for 4 months, less than 5 per cent inactivation is ob- 
served. No loss in potency of. terramycin base is noted during 4 days’ 
heating at 100°C. The yellow disodium salt of terramycin slowly darkens 


on standing in light at room temperature. After being stored under these — 


conditions for 150 days, the sodium salt decreased in potency from 900 
y/mg. to 500 y/mg. 


TABLE 4 
THe STABILITY OF TERRAMYCIN AT 37°C. AS A FUNCTION OF pH 


pH : Half-life (hours) 
tO 114 
2.5 134 
4.6 45 
555 45 
7.0 26 
8.5 33 
10.0 14 
Summary 


The initial isolation of terramycin from culture filtrates of Streptomyces 
rimosus was carried out by butanol extraction, Florisil chromatography, 
elution with acetone, extraction with butanol, and crystallization of ter- 
ramycin dihydrate. The antibiotic was crystallized to constant elemental 
analysis, and the homogeneity demonstrated by partition chromatography 
on paper and counter-current distribution. 

Terramycin is an amphoteric substance, as demonstrated by potentio- 
metric titration and formation of crystalline acid and basic salts. Elemental 
analysis indicates the empirical formula to be C2:H»2—s4N2092-H,O. The 
molecular weight determination corresponds to the value calculated for 
this formula. The antibiotic is optically active and gives positive ferric 
chloride, Pauly, Friedel-Crafts, Fehling, and Molisch tests. Its ultraviolet 
absorption spectrum shows maxima at 266 and 366 my. It exhibits a 
number of strong absorption bands in the infrared. 

Terramycin and its hydrochloride are moderately soluble in certain 
common polar organic solvents. Terramycin hydrochloride is very soluble 
in water but, on standing, hydrolyzes and deposits terramycin. Terramycin 
is a very stable antibiotic. Aqueous solutions of the hydrochloride at pH 
1.0 to 2.5 are stable for at least 30 days at 5°C. and 25°C. Solutions at pH 
3.0 to 9.0 show no detectable loss in potency on storage at 5°C. for at least 
1 month. In the dry state, terramycin and its hydrochloride show no 
detectable loss in activity on prolonged storage at 25°C. Terramycin hydro- 
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chloride shows less than 5 per cent inactivation after 4 months at 56°C., 
while terramycin shows no loss in potency on heating for 4 days at 100°C. 
These properties of terramycin indicate that the antibiotic and its compounds 
lend themselves well to the preparation of therapeutically useful drugs. 
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PHARMACOLOGY OF TERRAMYCIN IN EXPERIMENTAL 
ANIMALS ae 

~ | By S. Y. P’an, L. Scaduto, and M. Cullen* 
Biochemical Research Laboratories, Chas. Pfizer & Co., Inc., Brooklyn, N. Y. 


Terramycin, a stable crystalline amphoteric antibiotic which forms crystal- 
line salts with acids or bases, was first reported by Finlay ef al.! to be isolated 
from Streptomyces rimosus. It is active in vitro and in vivo against a variety 
of microorganisms, including many of the Gram-positive and Gram-negative 
bacteria, both the aerobic and anaerobic, the rickettsiae, and certain of the 
viruses.}? 

The pharmacology of terramycin has recently been reported by P’an and 
his associates. It is the purpose of this presentation to discuss some of the 
published and unpublished pharmacological studies of terramycin which 
have been made so far in experimental animals. 


Acute Toxicity 


The acute toxicity of terramycin and its various salts following intrave- 
nous, subcutaneous, or oral administration to mice and intravenous injection 
to rats, rabbits, and dogs is shown in TABLES land2. Theacute intravenous 
LDso of sodium terramycin and terramycin hydrochloride are of similar 
order for mice. The oral and subcutaneous LDj of terramycin hydro- 
chloride in mice, however, is from 2 to 3 times greater than that of sodium 
terramycin. The acute intravenous toxicity of amphoteric terramycin in 
animals could not be determined because of its low solubility. 

Following the intravenous injection of a lethal dose of either sodium ter- 
ramycin or terramycin hydrochloride in mice, death usually occurred within 
5 to 30 minutes. The symptoms observed prior to death were: initial ex- 
citation followed by tremors and rigidity of the extremities, convulsive sei- 
zure, and flaccid paralysis. Death occurred from respiratory failure. The 
heart was always found to beat for a short time after the cessation of respira- 
tion. Death in these animals may sometimes be delayed for an hour or 
more and, occasionally, as much as 24 to 48 hours. 

Intravenous injection of 75 mg. of sodium terramycin per kg. was tolerated 
by all of S rabbits. Four of 6 rabbits given 112 mg. of sodium terramycin 
per kg. intravenously died. The acute intravenous toxicity of terramycin 
hydrochloride in rabbits was higher than that of sodium terramycin. Four 
of 10 rabbits which received 75 mg. of terramycin hydrochloride per kg. died 
either immediately following the injection or within 24 hours. 

Two dogs tolerated single intravenous injection of 75 mg. of sodium ter- 
ramycin per kg. No death occurred in 4 other dogs which were given 75 
mg. of terramycin hydrochloride per kg. intravenously. 

The symptoms observed in rats, rabbits, or dogs after the intravenous 
injection of lethal doses of terramycin hydrochloride were essentially the 


* The authors are very much indebted to Drs. Bernard Kalfayan and Ralph Tompsett of the New York 
Hospital—Cornell Medical Center for making the histopathological Saansbationa . = 
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same as those seen following its intravenous injection to mice. Death usu- 
ally occurred through respiratory failure, which was preceded by excitation 
clonic convulsions, prostration, loss of consciousness, and flaccid paralysis. 

Death caused by intravenous injection of a single dose (100 to 150 mg. per 
kg.) of terramycin hydrochloride in dogs sometimes did not occur until 48 
to 96 hours. During the intervening period, the animals developed general 
weakness and anorexia. 


TABLE 1 
Acute Toxicity OF TERRAMYCIN IN MICE AND RATS 


Animals . antag) LD so 
species Form of terramycin adminis- (19/20 confidence limits) 
tration mg. pure terramycin/kg. 
Mice aes HCl (pH 2.5) We 178 (153-219) 
notanensetssss . Subc. 830 (762-904) 
Moceeere tees: / P.O. 6696 (6124-7656) 
eee ene e es Sodium (pH 8.5) LV. 163 (146-180) 
eee 2s Subce. 251 (222-284) 
Woteerees eres ; P.O. 4101 (3691-4553) 
esate recess Sodium (pH 9.5) LV. 167 (153-185) 
ee seen nere Base Subc. >3250 
PEER ce : P.O. >4800 
AES eee a HCl (ph 2.5) LV. 260 (217-312) 
TABLE 2 


Acute Toxicity OF TERRAMYCIN IN RABBITS AND Docs 


Animal : 
pecies Form of terramycin pe Dosage* re Meo 
Rabbit > ae eee) Sod (pH 8.5) 42 Ge 
for ae cc detee ‘ A\f 4/6 
iG Eee waeerer: HCl (pH IREY) LV. 75 4/10 
EP ae LV. 112 8/10 
Dog . eee Sod (pH 8.5) a Ap 
LI ae ot rsa : Vi 5 0/2 
A ave LW 150 1/1 
UO ee eee HCl (pH 2.5) EV: 75 0/4 
ee in eee ee : LV. 100 2/5 
SR eos cctages se Eve 150 1/2 


* mg. pure terramycin/kg. 


Rabbits were able to tolerate intracisternal injections of 2,000 yg. of ter- 
ramycin hydrochloride (pH 2.3) without any symptoms of irritation of the 
central nervous system. Injection of a higher dosage of terramycin hydro- 
chloride into the cisterna was followed, in a fair number of rabbits, by symp- 
toms of central nervous system irritation, which appeared either as the 
animal recovered from anesthetic or soon afterward. The symptoms usu- 
ally observed were head retraction, chattering of jaws, muscular tenseness, 
rigidity, and epileptiform convulsions. ‘The seizures lasted for a few seconds 
and recurred at intervals of from a few to 10 or 15 minutes. How much of 
this central nervous system irritation is due to acidity per se is now under 


investigation. 
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Ficure 1. Growth curves of mice and rats on sodium terramycin or terramycin hydrochloride. Each 
curve represents average of 20 mice or rats. 


examination for sediments and fasting blood sugar) were made on all dogs 
before and frequently during the course of the experiment. 

Mice and Rats. The growth rate of young mice and rats was not affected 
by daily oral administration of 75 to 150 mg. of sodium terramycin per kg. 
body weight over a period of 6 and 7 weeks. Daily oral administration of 
100 to 200 mg. of terramycin hydrochloride was also tolerated by rats for a 
period of 8 weeks. Gross and histological examinations of tissues and or- 
gans, including heart, lungs, liver, kidney, spleen, adrenal, stomach, thyroid, 
and bone marrow of rats sacrificed at the end of the experiment all appeared 
normal, with the exception of one rat that showed pulmonary edema and 
patchy infiltration with monocytes, lymphocytes, and plasma cells. 

Cais. A number of cats were given daily intramuscular or oral doses of 
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amphoteric or sodium terramycin or terramycin hydrochloride over a period 
of from 65 to 95 days. Each cat was weighed weekly, and the daily dose 
was calculated according to the most recent weight. 

Four cats given daily oral doses of 93 mg. and 4 others given 186 mg. of 
terramycin hydrochloride per kg. showed no toxic symptoms over a period 
of 70 days. 

Three cats, each which received daily intramuscular injection of 38 mg. of 
sodium terramycin or amphoteric terramycin per kg., also appeared normal 
after having received the treatment for 65 and 95 days, respectively. A 
fourth cat, however, which received a daily injection of 38 mg. of sodium 
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Frcure 2. Effect of single intravenous injection of sodium terramycin on blood pressure in cat. So- 
dium phenobarbital anesthesia, 150 mg. per kg. Center: 100 mg. per kg., given at a rate of 12 mg. per 
kg. per minute, produced no change in blood pressure. Left: doubling the rate of injection to 25 mg. per 
kg. per minute caused definite drop in blood pressure. Right: further increase in the rate of injection 
to 50 mg. per kg. per minute caused sharp drop in blood pressure even when a dose of 20 mg. per kg. was 
given.4 


terramycin per kg., died on the 6th day. It is doubtful whether its death 
was due to terramycin. 

During the entire period of observation, no symptom or sign which would 
suggest labyrinthine or cerebellar disturbance was noticed in any of the cats. 

«Dogs. Three dogs which were given daily intravenous injections of 50 
mg. of terramycin hydrochloride per kg. for 5 consecutive days looked nor- 
mal at the end of the 5-day period. Red and white blood cell counts and 
hemoglobin estimation, as well as liver (bromsulphalein)- and kidney (phe- 
nolsulphonphthalein) function tests, made on these dogs before and at the 
end of the 5-day treatment showed no significant difference. One dog, how- 
ever, died 4 days after the last injection was made. No gross abnormal 
finding was noticed on necropsy of this dog. Histological sections showed 


only some fatty degeneration of liver. , 
Ten of eleven female dogs which received 75 to 465 mg. of sodium ter- 
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ramycin or terramycin hydrochloride per kg. body weight by mouth daily 
were living and well for 47 to 57 days. Except for the frequent occurrence 
of vomiting and loose stools, no untoward reaction was observed in these dogs. 
These symptoms either disappeared or decreased in frequency on continued 
administration in most of the animals. Liver and renal function tests, 
urinalysis, hematological examination, including red, white, and differential 
counts and hemoglobin estimation,-and fasting blood sugar determinations 


TABLE 3 
Curonic Toxicity OF TERRAMYCIN IN Docs 


Daily | No. of 
No. Route of 
of | Salt of terramycin | adminis- ae ee Resulis 
dogs tration ke 5 ) | ment 
1 Sodium Oral 370 | 57 | Sacrificed for histopathological 
exam. 
$y “ce “ 150 47 “ “ 
1 “ “ec 75 47 “ cc 
1 Hydrochloride - 465 | 56 es « 
1 “ae “ce 233 56 “ “ce 
1 “ce “ 186 56 “ “cc 
1 “f S 186 | 20 | Died. 
3 eS ‘3 93 | 50 | Sacrificed for histopathological 
exam. 
Z, ILM. 100 | 90 | Experiment still being carried on. 
2 “ “ 50 90 “ “ “cc “ce “cc 
1 Sodium - 225 6 | Died—B.S.P. test 60 per cent re- 


tention of dye and P.S.P. test 
0 per-cent excretion of dye one 
day prior to death. 

1 a 150 | 18 | Died—P.S.P. test 44 per cent ex- 
cretion of dye 5 days prior to 
death. B.S.P. test done 3 days 
prior to death was normal. 

1 He 75 | 48 | Died—Five days prior to death 
B.S.P. test 20 per cent retention 
of dye and P.S.P. test 60 per cent 
excretion of dye. 

2 ee cS 75 | 61-77| Sacrificed for histopathological 
exam. 

2 ce “cc 38 61-65 iz3 ce 


*mg. pure terramycin base, 


made before and during the course of treatment were found to be within 
normal ranges in all dogs. Histological examination on sections of tissues 
and organs of these dogs all appeared within normal limits when compared 
with sections of control animals. One dog, however, which received 186 mg. 
of terramycin hydrochloride daily died on the 20th day. No gross pathologi- 
cal finding was noticed in this animal at autopsy. Histological sections 
showed congestive changes in the liver and spleen. There was, also, in the 
spleen, increased disposition of pigment and some extramedullary erythro- 
poiesis. 

Another series of 11 dogs were given daily intramuscular injections of ter- 
ramycin hydrochloride or sodium terramycin. No toxic reaction was ob- 
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served in each of 2 dogs which received daily injections of 50 and 100 me. of 
terramycin hydrochloride per kg., respectively, over a period of 90 days. 
Two dogs each also tolerated daily intramuscular injection of 38 and 75 mg. 
4 of sodium terramycin per kg., respectively, over a period of 61 to 77 days. 
- However, induration, necrosis, and ulceration were often found at sites of 
injection in these dogs. Mild degrees of anemia were detected in some. It 
is believed that the anemia was secondary to chronic ulceration rather than 
i due to the systemic toxic effect of terramycin. The liver and kidney func- 
4 tion of these animals, however, remained normal throughout. One dog each 
which received daily intramuscular injection of 75, 150, and 225 mg. of 
sodium terramycin per kg. died on the 48th, 18th, and 6th days, respectively. 
__ They had impaired liver or renal function or both at from 1 to 5 days prior 
~~ to their death. Histological examination of sections of organs of the dog 
which received 225 mg. of sodium terramycin per kg. per day revealed many 
protein casts and occasional red blood cells in the kidney. 


Pharmacodynamic Effects 


Slow intravenous injection of 100 mg. of terramycin hydrochloride or 
sodium terramycin per kg. body weight given at rate of 10 mg. per kg. per 
minute caused nochange of blood pressure in anesthetized dog or cat. Rapid 
injection of the same dosage at the rate of 25 mg. per kg. per minute may 
cause moderate drop in blood pressure. A dose of 20 mg. per kg., when 
given rapidly, may also cause transient drop in b ood pressure. Terramy- 
cin hydrochloride has no effect on the smooth muscle of isolated intestines or 
uteri of guinea pigs or rabbits. It also has no effect upon blood sugar. 
Single subcutaneous injection of 400 mg. of terramycin hydrochloride per 
kg. body weight was followed by prolonged diuresis in rats. The diuresis 
lasted for more than 6 hours, and the total urinary excretion during a 6-hour 
period was from 89 to 104 per cent above that of the controls. 

A 0.5 per cent solution of terramycin hydrochloride in sodium borate 
buffer, pH 8.0, can be instilled into the rabbit’s eye with practically no local 
reaction. Instillation of a 0.5 per cent solution of terramycin hydrochloride 
in water into the conjunctival sac of rabbit, however, caused a mild degree of 
hyperemia which lasted for from several to 24 hours. These local reactions 
may have been due to the acidity per se, because dilute hydrochloric acid at 
pH 2.5 caused comparable local reaction. 


Summary 


The acute intravenous LDs and 19/20 confidence limits of terramycin 
hydrochloride as determined in mice is 178 (153-219) mg. per kg. body 
weight. The approximate ratio of intravenous to subcutaneous to oral 
LDso of terramycin hydrochloride in mice is 1:4.6:37.6. Intracisternal 
injection of 2000 yg. of terramycin hydrochloride per rabbit was not ac- 
companied or ‘followed by symptoms of central nervous system irritation. 

The growth rate of mice and rats was not affected by daily oral adminis- 
tration of 75 to 150 mg. of sodium terramycin per kg. over 6 and 7 weeks, 
respectively. Daily oral dose of 100 to 200 mg. of terramycin hydrochloride 
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per kg. was also tolerated by rats for a period of 8 weeks. Cats were able 
to tolerate daily oral administration of 186 mg. of terramycin hydrochloride 
per kg. for at least 10 weeks. 

Dogs given daily oral doses of 75 to 370 mg. of sodium terramycin and 93 
and 465 mg. of terramycin hydrochloride per kg. over a period of 47 to 57 
days showed no signs of toxicity. Daily intramuscular injection of 38 to 
75 mg. of sodium terramycin and: 50 to 100 mg. of terramycin hydrochloride 
were tolerated by 2 dogs each over a period of from 61 to 90 days. 

Slow intravenous injection of terramycin does not cause any change in 
blood pressure in anesthetized dogs or cats. Terramycin has no effect on 
smooth muscle of isolated intestine or uterus of guinea pig or rabbit. It also 
has no effect on the blood sugar in dogs. 
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- THE PHARMACOLOGY OF TERRAMYCIN IN ANIMALS AND 


MAN WITH REFERENCE TO ITS CLINICAL TRIAL 


By Emanuel B. Schoenbach, Morton S. Bryer, and Perrin H. Long 


Department of Preventive Medicine, The Johns Hopkins University School of Medicine, 
Baltimore, Maryland 


Terramycin is a new antibiotic derived from Streptomyces rimosus. It is 
described as a crystalline amphoteric substance and has been made available 
for experimental investigation as the hydrochloride and sodium salts. The 
hydrochloride forms a yellow colored solution (pH 1.8), while the solution, of 
the sodium salt (pH 9.0) has a brown color which becomes more deeply 
colored on standing, The hydrochloride salt of terramycin is moderately 
soluble, but additional 0.1 N hydrochloric acid is necessary if a stable 3.0 
per cent solution is desired. The sodium salt is soluble in distilled water or 
normal saline. 

A 3 per cent solution of terramycin hydrochloride or the sodium salt, 
when injected subcutaneously into mice and rats, produced local necrosis. 
More dilute solutions were quite irritating upon intramuscular or subcu- 
taneous injection, and repeated administration of even a one per cent solu- 
tion caused necrosis. Intravenous administration appeared to be well 
tolerated locally. Oral solutions, when administered to mice by gavage, 
did not cause any evident gastritis. 

The acute toxicity of terramycin was assayed in CF I mice weighing 20-25 
gm. When injected intravenously, the acute LDso of the hydrochloride salt 
was greater than 175 mg./kg. during a 5-day period of observation. The 
LDs» for the sodium salt similarly injected was approximately 150 mg./kg. 
Most of the deaths observed were on the first day following the injection. 
Occasionally, deaths were observed on the second and third days. Death 
was preceded by symptoms of central nervous system involvement mani- 
fested by excitation and convulsions, followed later by depression and re- 
spiratory arrest. 

The acute LDs of terramycin, following subcutaneous administration, 
was 600-650 mg./kg. for the hydrochloride salt and 300 mg./kg. for the 
sodium salt. Most of the deaths occurred within a 48-hour period post- 
injection. The symptoms observed preceding death were chiefly generalized 
muscular paralysis and respiratory arrest. Those animals that survived the 
5-day period employed for the LDso determination frequently developed 
local necrosis, and, later, many died from this complication (TABLE 1). 

The chronic toxicity of terramycin was observed in mice and young female 
rats. Daily subcutaneous injections of terramycin hydrochloride, 100 and 
200 mg./kg., into young female rats, with no evidence of urinary abnormal- 
ity, were given for two weeks. Except for local skin necrosis, no gross 1n- 
tolerance wag apparent. Daily urine examination showed no evidence of 
renal impairment as measured by the volume excreted, specific gravity, 
albuminuria, or microscopic examination of a centrifuged specimen. The 
benzidine test was also negative. Autopsy showed no evidence of toxicity. 
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_ The sodium salt similarly administered to young female rats, after a control 
period of observation, showed evidence of toxicity when 200 mg./kg. was 
administered daily for two weeks. They lost approximately 26 per cent of 
their body weight during this two-week period, whereas those rats receiving 
the hydrochloride salt gained weight parallel with the control untreated rats. 
The daily urinary volume was increased two to six times that excreted by the 
rats receiving the hydrochloride salt-or normal controls. The urine became 
dark brown in color, and the specific gravity was reduced to 1.012. The ap- 
pearance of casts and epithelial cells in the urinary sediment was noted, 
although albuminuria was not detected. These renal changes became ap- 
parent after the fifth day, when 200 mg./kg. of sodium terramycin was ad- 
ministered daily. Autopsy of these rats after two weeks showed the thymus 


TABLE 1 ; 
Acute ToxiciTry OF TERRAMYCIN IN MICE 


Antibiotic ‘ Route fies re Survivors % Surviving 
420-460 15/15 100 
500 17/25 68 
SC 550 14/20 70 
600 19/30 63 
Terra-HCl 650 3/20. a 40 
700 2/13 15 
LN. 175 aut 5/6 80 
200 0/6 0 
| — 
100 20/20 100 
SHES 200 15/20 75 
Terra-Na 300 19/30 63 
400 11/30 3d 
500 6/40 15 
LV. he alee | 3/5 60 


*Rats receiving 100 and 200 mg./kg. of terra-HCl s.c, for 14 days did not show abnormal urines. 


to be markedly reduced in size, and the kidneys and adrenals were dark 
brown in color. Microscopic examination of the adrenals showed no evident 
cellular alteration, although brown pigment was present in many of the cells. 
The tubules in the kidneys were dilated, and this was most marked in the 
distal convoluted segment. The tubular epithelium was flattened, and 
areas in the tubules were denuded of cells. Regenerating cells were evident, 
and epithelial casts could be seen in the lumen of the tubules. No evident 
abnormality of the glomeruli was noted. No abnormality, when compared 
to control animals, was observed among the autopsied rats who received the 
terramycin hydrochloride (TABLE 2). 

Two hundred mg./kg. of terramycin hydrochloride was administered 
daily for 8 days to CF I mice by gavage. The antibiotic was dissolved in 
normal saline to make a 2 per cent solution and administered in a total vol- 
ume of approximately 1 per cent of the body weight in grams. The 2 per 
cent solution of terramycin hydrochloride was unstable and formed a col- 
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loidal suspension after a short period. This was used without further manip- 
ulation. A mucoid diarrhea which appeared during the first two days of 
drug administration disappeared with continued dosage over 6 more days. 
No deaths occurred. The mice ate well and gained weight. No abnor- 
malities were noted when these mice were autopsied. The stomach, the 
local site of administration, as well as the remainder of the gastrointestinal 
tract, showed no evidence of irritation. (FIGURE 1.) 

The concentration of terramycin in various body fluids could be deter- 
mined by utilizing a strain of B. cereus ¥5. Two-fold dilutions of the anti- 
biotic in .5 ml. heart infusion broth containing 0.07 per cent glucose were 
made, and 0.5 ml. of a 10~* dilution of an 8-hour culture of B. cereus was 


TABLE 2 


SUMMARY OF ACUTE TOXICITY AND RENAL DAMAGE OBSERVED WITH SOME OF THE NEWER 
ANTIBIOTIC AGENTS 


Comparative acute toxicities of recent antibiotics 
Subcutaneous injection in mice 


Antibiotic LDso (lethal dose 50%) 
mg. /kg. 
Bisley ashe or Se ic ch i ee aie ne Peeing 250-300 
beeen y CP a wie ior Ne oe Ye eigen st 450 
ureORNy Cup. sds Sie OE NaS eee Tal oe tre ia 3000-4000 
etree MiyVCHR Meow gon on sn CSS os ee azn Ba Senne? cages _ 600-650 
Chioramphenicol. .. =... <a ee ne os ie ee er Insoluble 
Production of renal damage in rats 
at Dose Time Renal 

Antibiotse mg./ ke. days’ damage 
Polymyxin Don. 0.25 70. ee te 10-20 14 +4+++ 
INeOmyCin. oo) cee ew ieee ee ot one 30-60 | 14 ++++ 
PANTREG HIN, ClElee mtieie scale, eye atin. ore eer oor ec lal 200-400 14 0 
GieerainyCliint sate ee tse eis ers ye 100-200 14 0 


employed as an inoculum. The end point usually observed after 18 hours of 
incubation at 37°C. was .03 micrograms per ml. <A concentration of 25 per 
cent serum in the medium raised this end point to .06 micrograms per ml. 
and the end point in the presence of 50 per cent serum was .13 micrograms 
per ml. The assay was reproducible and was not appreciably influenced by 
variation in the age of the culture employed as inoculum, the number of 
organisms inoculated, or moderate pH changes. The terramycin activity 
was stable, and no marked change in the observed end points was noted 
when read after 8, 18, and 48 hours of incubation. 

Clinical Studies. The terramycin hydrochloride used in these clinical 
studies was lot * WLP 507013, which was available in gelatin capsules, each 
of which contained 250mg. Whena single oral two gram dose of terramycin 
hydrochloride was given to normal individuals, the antibiotic could be de- 
tected in the serum within one-half hour.’ Maximum levels of 3.0 to 5.0 
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Be ys Fe " ~ :< xs me 
Bi oy bi A wee a” BE ee ; a i. * | 
Ficure 1. (a) Low-power microphotograph showing dilatation of renal tubules of rats receiving sodium 
salt of terramycin. X 100. 


(b) Untreated control. Low-power microphotograph showing dilatation of renal tubules. > 100. 


micrograms per ml. were attained two to four hours later, and the antibiotic 
could still be detected at concentrations of 0.5 to 1.3 micrograms per ml. 24 


— mn 


cin was excreted in the urine rapidly and high concentrations were 
‘Following a single oral 2 gram dose, the antibiotic was detected 
: within one-half hour, and 11 to 15 per cent of the total amount was excreted 
A within the first 24-hour period. The concentration of terramycin varied 
a with time, but a level greater than 100 micrograms per ml. was observed for 

an appreciable period. With continued oral administration, the concentra- 
tion of terramycin noted in random urine specimens contained 100 to 300 
micrograms per ml. when a daily dosage of two to four grams a day was main- 
tained (TABLE 3). 


— 


a TABLE 3 
q SERUM AND URINARY CONCENTRATIONS OF TERRA-HCL* 


; Urinary excretion 
Time, Serum concentra- 


hours, tions, ug/ml. Conc., |Amount,| Conc., | Amount, 
4 after oe after pg./ml. mg. | wg./ml.| mg. 
J E. O. eee E. 0. POre ebay Eee 
: ; Bide l e156 0-24 100 $3 156 a. 17.5 
4 it S212 2.6 23-4 312 25.7 156 49.0 
c 2 Sea 4.0 4-8 312 131.8 | 100 54.5 
E 4 aa 4.0 8-24 50 108 .6 100 108.0 
oe 8 2.0 1.04 ce ee 
: 24 1.3 0.5 | Total excreted.......... 291.4 229.0 
% dose excreted.......-. 14.6 11.4 
a De ee oe 
4 * Single dose 2.0 grams per os. 
: A single dose of 1 or 2 grams of terramycin was administered to patients in 


labor at various intervals preceding delivery. Maternal blood, spinal fluid, 
and umbilical cord blood was obtained at the time of delivery. The fetal 
serum contained approximately one-quarter the terramycin content of the 
maternal serum. No terramycin was detected in eight specimens of spinal 
fluid, even when the concomitant serum level was 4.0 micrograms per ml. 
(TABLE 4). , 

Pleural fluid from a patient with an inflammatory effusion contained 2.0 
micrograms per ml. The patient had been receiving 500 mg. of terramycin 
every three hours for 4 days, and blood obtained 1 hour after a preceding 
dose contained 2.0 micrograms per ml. in the serum. Sputum collected over 
a two-hour period from this patient and assayed after Seitz filtration con- 
tained no detectable terramycin. 

The reactions observed among patients who received oral terramycin were 
limited chiefly to the gastrointestinal tract. Nausea, vomiting, and diarrhea 
were encountered in approximately 50 per cent in a series of 36 patients. 
Many patients developed nausea and vomiting after a single one gram dose. 
Other patients could tolerate 4 grams of terramycin per day for extended 
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periods of two weeks without untoward symptoms. The largest daily dose 
of terramycin employed without any gastrointestinal manifestations was 100 
mg./kg. of body weight for 5 days. Occasionally, patients who complained 
of severe nausea and vomited early doses of the antibiotic showed no un- 
toward symptoms when therapy was continued. Studies of the renal, 
hepatic, and hematologic status of the patients did not show any indica ce 
of toxicity. Some patients described a feeling of “lightheadedness, but no 
paraesthesias, anesthesia, vertigo, tremors, or other evidence of central nerv- 
ous system dysfunction were noted. 
Two patients developed a rash while receiving terramycin. One patient 
had received other antibiotic therapy, and a recrudescence of his eruption 
occurred when penicillin was subsequently administered. The other patient 
had been treated with terramycin alone. He had received 500 mg. every 4 


TABLE 4 
DISTRIBUTION OF TERRAMYCIN IN MATERNAL BLOOD, SPINAL FLUID, AND FETAL BLOOD 


Terramycin, pg./ml. 
Dosage Interval 
Patient terramycin ° maternal 
Oe (hrs. & min.) Fetal cera 
serum sp. fl. 
1. Bur. 1.0 1:20 0.06 <0.06 
2:20 <0.06 
2.) Smi. 1.0 3:45 0.5 <0.06 
3:20 <0.06 
3. Had. 1.0 5:20 2.0 <0.06 0.5 
4. But. 1.0 4:30 4.0 <0.06 1.0 
5. Ran. 1.0 5:00 <0.06 —_— <0.06 
6. Cha. iad) 4:30 1.0 0.06 
5:00 <0.06 
7. Bro. 1.0 16:00 1.0 <0.06 0.5 
8. Ham. 2.0 4:30 4.0 i 0206 — 
9. Pow. 250 10:00 2.0 <0.06 — 


hours for 7 days when a macular papular eruption was noted on his back, 
abdomen, thighs, arms, and hands. This eruption became more diffuse and 
resembled an erythema multiforme. Terramycin was discontinued and the 
eruption regressed. Later, terramycin was again administered and the 
eruption recurred, with superficial desquamation of the skin after three days. 
Subsequent therapy with penicillin was well tolerated. It would appear 
that this patient had become sensitive to the terramycin, and this eruption 
was not a manifestation of dermal toxicity inherent in the antibiotic. No 
other patients have shown any similar eruptions or exfoliation. Ulceration 
of the mucous membranes in the mouth, epithelial denudation of the tongue, 
or perianal irritation have not been observed to date. 

Urinary tract infections with £. coli, paracolon bacilli, A. aerogenes, B. 
proteus, B. pyocyaneous, hemolytic and nonhemolytic Staphylococcus aureus, 
hemolytic streptococci, nonhemolytic streptococci, and microaerophilic strep- 
tococci were treated with terramycin. Prompt sterilization of these compli- 
cated infections was achieved, except when B. proteus, A. aerogenes, B. 
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pyocyaneous, or staphylococci were the infecting organisms. Most of the 
aerogenes and pyocyaneous infections cleared and, although sterilization of 
the urine was not achieved when the staphylococcus was present, the pyuria 
was controlled and clinical symptoms were alleviated. Relapse of infection 
was frequently observed at varying intervals after treatment was discon- 
- tinued. In some cases, a sensitive organism was supplanted by resistant 
a proteus or aerobacter infection. 


ROCKY MOUNTAIN SPOTTED FEVER 
R.L.G MALE AGE 6.5 YRS. WT 38.25 LBS 


DAY OF DISEASE 3 4 5 6 7 8 9 10 Wo 12 13 


ore. MAX. 135 156 126 130 120 108 120 100 100 116° 120 

MIN. 128 114 106 116 100 100 80 80 90 80 60 

SPLEEN Sarr es 46 4 FOF -0” 0 RO 
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TERRAMYCIN 
5 ae ae a 
Ox-19 ce) 
FicureE 2. Rocky Mountain Spotted Fever. 


Six cases of pneumonia treated with terramycin showed a good bacterio- 
logic response. Two cases had positive blood cultures and one had a pneu- 
mococcus isolated from a massive pleural effusion. The clinical response in 
these cases was difficult to evaluate in that a rapid termination of fever was 
not apparent. One case of acute pulmonary tuberculosis and one patient 
with tuberculosis and pneumonitis showed no subjective or objective im- 
provement. A patient with Friedlander bacillus infection of the lung showed 
a bacteriologic response within two days, but B. proteus supplanted the K. 
pneumoniae and his fever persisted. 

A child with’ Rocky Mountain Spotted Fever was treated on the third 
febrile day of his illness. He received 250 mg. of terramycin every three 
hours (100 mg./kg. per day) for 5 days and 250 mg. every six hours for ten 
doses thereafter. He became afebrile within 72 hours. His convalescence 


2 was pl uncomplicated. 
eae Conclusion a “rs 
Terramycin appears to be free from serious toxic properties, and effective 
concentrations are obtained, after oral administration, in the blood and urine 
of patients. The antibiotic diffuses readily through the placental membrane 
from the blood but could not be detected in the nondiseased spinal fluid. It. 
is an active antimicrobial agent with a broad spectrum of activity when 
assayed both in vitro and by protection conferred in experimental infections. 
This antibiotic possesses the attributes of a successful therapeutic agent, 
and further clinical evaluation of its efficacy in various specific infections is 
being conducted. 
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_ABSORPTION, EXCRETION, AND DISTRIBUTION OF 
TERRAMYCIN 


By Henry Welch 
Federal Security Agency, Food and Drug Administration, Washington, D. C. 


Since October, 1947, three new antibiotics have been described, all from 
strains of streptomyces species isolated in widely separated places. The 
first of these antibiotics, chloramphenicol, described by Ehrlich, e al.,! in 
October, 1947, was isolated from a soil sample taken near Caracas, Venezuela. 
At a conference held by the Mycology Division of the Biology Section at the 


~~ New York Academy of Sciences in July, 1948, the second of these antibiotics, 


aureomycin, isolated from a streptomyces species in this country, was de- 
scribed by Duggar.2 The most recent of these antibiotics, terramycin, was 
described by Finlay, Hobby, ef a/.* in January, 1950. 

All three of these antibiotics are characterized by a wide antimicrobial 
activity against both Gram-positive and Gram-negative bacteria, as well as 
certain rickettsia and the large viruses. Although some differences in ac- 
tivity may be demonstrated both i vitro and in vivo with these three anti- 
biotics, they have much in common. All three have a low degree of toxicity 
in both animals and man. All three, at proper dosage levels, are equally 
effective in certain diseases of man, such as the pneumonias, both bacterial 
and viral, and in certain of the Gram-negative bladder infections. All three 
drugs are crystalline, efficacious when taken by mouth, rapidly absorbed, 
and excreted in relatively large quantities in the urine. 

The differences in activity are equally obvious, since it is fairly well es- 
tablished that chloramphenicol is the most satisfactory of the three in the 
treatment of typhoid fever. On the other hand, terramycin is more active 
in vitro than the other two against some of the clostridia, while aureomycin, 
in its turn, has advantages over terramycin and chloramphenicol in the 
treatment of certain staphylococcic infections. 

Although this study was primarily concerned with the absorption, ex- 
cretion, and distribution of terramycin, it seemed desirable, because of their 
related fields of antimicrobial activity, to determine for comparative pur- 
poses the absorption, excretion, and distribution of aureomycin and chlor- 
amphenicol as well. Except in the case of the distribution studies, volunteer 
male subjects were utilized for both the absorption and excretion of all three 
drugs. Single and multiple doses of the drugs over a 24-hour period were 
given. Blood and urine concentrations of each drug were then determined 
at appropriate intervals. The serum concentrations of chloramphenicol 
were determined by a four-hour turbidimetric assay using a nonencapsulated 
Klebsiella pneumoniae strain as the test organism. The technique is similar 
to that used in the turbidimetric assay of streptomycin.! Terramycin and 
aureomycin serum concentrations were determined by a serial dilution tech- 
nique.®» The urine and fecal concentrations of all three drugs were de- 
termined by a modified lutea plate technique.” 

To determine the blood concentrations obtained with single doses of the 
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three drugs, three groups of five subjects each were given 0.5 gram, 1.0 gram, 
and 2.0 se doses aa blood samples were taken at the 2nd, 4th, 6th, and 
24th hours. The results obtained are given in FicuRES 1, 2,and3. 

Tt will be noted in FIGURE 1 that, two hours after the dose had been given, 
higher concentrations of chloramphenicol were obtained than with the other 
two drugs. The concentration of chloramphenicol dropped rapidly, how- 
ever, so that by the sixth hour it was in lower concentration in the blood than 
either terramycin or aureomycin. The latter two drugs were quite com- 
parable in their blood concentrations following the ingestion of 0.5, 1.0, and 
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2.0 gram doses (FIGURES 2 and 3) but, as in the case of the 0.5 gram dose, 
chloramphenicol exhibited higher blood concentrations than did either aureo- 
mycin or terramycin. Occasionally, subjects on all three doses had blood 
concentrations of the drugs at the 24th hour. It would appear, however, 
that the important facts to be gained from study of these three figures is 
that, on 0.5, 1.0, or 2.0 gram oral doses, all subjects maintain significant 
blood concentrations of these drugs for a period of at least 6 to 8 hours. 

In FicuREs 4, 5, and 6 are shown the blood concentrations obtained follow- 
ing ingestion of 0.25 gram, 0.5 gram, and 1.0 gram doses given every 6 hours 
over a period of 18 hours. Three subjects were used for each dosage level. 
Blood samples were obtained at the 7th, 9th, 12th, 13th, 15th, 18th, and 
19th hours. These time intervals were chosen to demonstrate the low point 
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in the curve and the sharp rise obtained immediately following each new 
dose. The chloramphenicol blood concentrations, as with the single dose, 
again are much higher than those of the other two drugs at all three dosage 
levels. These blood concentrations were found to be comparable by both 
chemical and bioassay. The chemical assay results are utilized in FIGURES 
4,5, and 6. The chemical assay used was a modification of that described 
by Glazko, ef al. = 

Terramycin and aureomycin appear to be quite comparable in their blood 
concentrations following the ingestion of these dosages. When four 0.25 
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gram doses of aureomycin and terramycin were given, aureomycin exhibited 
somewhat higher blood concentrations than did terramycin. This was not 
the case with the four 0.5 gram or 1.0 gram doses, since, in these instances 
somewhat higher blood concentrations were demonstrated with terramycin 
than with aureomycin. From a review of FIGURES 4, 5, and 6, it is obvious 
that relatively high blood concentrations of all three antibiotics can be main- 
nee by the ingestion of 0.25 gram, 0.5 gram, or 1.0 gram doses every six 
ours. 

Total urine samples were collected from all subjects, as indicated in the 
accompanying figures. Assays were made on the urine samples as promptly 
as possible after voiding, in order to obviate, particularly in the case of aureo- 
mycin, loss of potency. Those samples that could not be assayed promptly 
were frozen in dry ice and then assayed within a period of 24 hours. The 


Welch: Absorption, Excretion, and Distribution 257 


AVERAGE SERUM LEVELS FOLLOWING ORAL ADMINISTRA— 
TION OF FOUR O50 GRAM DOSES OF TERRAMYCIN , 
AUREOMYCIN OR CHLORAMPHENICOL. 
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AVERAGE SERUM LEVELS AFTER ORAL ADMINISTRATION OF 
FOUR 1.0 GM. DOSES OF TERRAMYCIN, AUREOMYCIN 
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average concentrations of terramycin, aureomycin, and chloramphenicol in 
the urine following single oral doses of 0.5 gram, 1.0 gram, or 2.0 grams are 
given in FIGURE 7. bel ; 

Regardless of the dose, the amount of drug excreted following ingestion of 
terramycin was higher than that excreted following ingestion of either aureo- 
mycin or chloramphenicol. The subjects on the 0.5 gram dose of aureomy- 
cin had a somewhat higher excretion rate than did those on the same dose of 
chloramphenicol, but, with the 1.0 and 2.0 gram doses, chloramphenicol ex- 
hibited a higher concentration of drug in the urine than did aureomycin. It 
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may be that the lower concentration of chloramphenicol demonstrated with 
the 0.5 gram dose in the urine is related to the lower blood concentration 
found with this drug following the same dose. It is significant from the 
standpoint of treating Gram-negative bladder infections that a concentra- 
tion of 140 micrograms per ml. of urine was obtained with terramycin with 
the 0.5 gram dose, 300 micrograms per ml. with the 1.0 gram dose, and 400 
micrograms per ml. with the 2.0 gram dose. 

The total urinary excretion of all three drugs was obtained over a 24-hour 
period after single oral doses of 0.5, 1.0, and 2.0 grams of each drug. The 
results obtained are given in FIGURE 8. 

The total urinary excretion of terramycin is somewhat higher than that of 
chloramphenicol and markedly higher than that obtained with aureomycin. 
Even though precautions were taken to prevent deterioration of aureomycin, 
its instability might be a factor in explaining the lower concentrations of this 
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drug in urine. The instability of aureomycin in the urine is further borne 
out by the fact that increasing doses from 0.5 to 1.0 and 2.0 grams did not 


_ appreciably alter the total recovery of the drug. In fact, the recovery fol- 


lowing the 1.0 gram dose on the average was actually higher than that ob- 
tained with the 2.0 gram dose. In contrast to this, the amount of terramy- 
cin excreted following a 1.0 gram dose was considerably greater than that 


-excreted following a 0.5 gram dose, and, similarly, excretion with the 2.0 


gram dose was somewhat greater than that of the 1.0 gram dose. The in- 
crease in the urinary excretion with increased doses is most clearly shown 
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with chloramphenicol. The 2.0 gram dose resulted in a much higher excre- 
tion of this drug in the urine than did the 1.0 gram dose, and the 1.0 gram 
dose in turn resulted in a much higher excretion of the drug than the 0.5 
gram dose. 

The urinary excretion in micrograms per ml. and the total amount of the 
three drugs excreted following multiple oral doses over a 24-hour period are 
shown in FIGURES 9 and 10. 

The number of micrograms of terramycin per ml. of urine excreted, follow- 
ing multiple doses of 0.25, 0.5, and 1.0 grams of this drug every six hours, 
were definitely higher than the number of micrograms per ml. excreted fol- 
lowing the same doses of either aureomycin or chloramphenicol. The latter 
two drugs on these dosage schedules were comparable in the amounts ex- 
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AVERAGE CONCENTRATION OF TERRAMYCIN, AUREO — 
MYCIN AND CHLORAMPHENICOL IN THE URINE 
FOLLOWING DIVIDED ORAL DOSES 
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creted per ml. of urine. An increase in dose with terramycin resulted in a 
corresponding increase in the concentration of this drug excreted in the urine. 
This was not pronounced with either aureomycin or chloramphenicol. The 


total excretion of these three drugs (FIGURE 10) follows a pattern similar to 


that shown with the single doses, since, again, the total amount of terramy- 
cin excreted is considerably greater than the amounts of aureomycin and 
chloramphenicol excreted following the same dose, while the amount of 
aureomycin excreted was intermediate between terramycin and chloram- 
phenicol. It should be noted, however, that there was a relatively large 
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amount of inactive chloramphenicol demonstrated in the urine by the chemi- 
cal method mentioned previously. 

Fecal excretion of all three drugs was determined following single oral 
doses. The amounts of the three drugs excreted per gram of moist feces are 
given in FIGURE 11. 

Following 0.5, 1.0, and 2.0 gram doses, terramycin exhibited the greatest 
concentration per gram in the feces, with aureomycin next, and finally 
chloramphenicol. As the dose was increased, increased amounts of both 
terramycin and aureomycin were demonstrated, while an increase in the 
dose of chloramphenicol actually resulted in a decrease in the number of 
micrograms per gram of feces that could be demonstrated. It is known that 
intestinal bacteria produce enzymes which inactivate chloramphenicol, and 
it is suggested that these enzymes may act more rapidly on higher concen- 
trations of the drug than on lower concentrations. This may account, in 
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part, for the apparent reduction in excretion of chloramphenicol in the feces 
as the dose is increased. 

In order to determine the distribution in rabbit tissues of the three anti- 
biotics, groups of six rabbits each were given single oral doses of 0.5 gram per 
kilogram by stomach tube. Terramycin was given in solution, and aureo- 
mycin and chloramphenicol were given in aqueous suspension. The rabbits 
were sacrificed after a period of four hours, and portions of the various organs 
were rinsed carefully with tap water, weighed, and then macerated in a 
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blendor with phosphate buffer (pH 6.0) in the case of chloramphenicol or 
aureomycin and distilled water with the terramycin specimens. After filtra- 
tion, the lutea plate technique was used for assay of the tissue fluids. All 
the drugs were well tolerated by rabbits in doses of 0.5 gram per kilogram. 
However, oral doses of 1.0 gram per kilogram of terramycin or aureomycin 
caused death in most instances, while similar doses of chloramphenicol were 
well tolerated. Tissue distribution of the three antibiotics is shown in 
FIGURE 12. 

It is obvious that all three antibiotics are widely distributed throughout 
the animal body when given at this dosage level. Terramycin was able to 
cross the blood brain barrier in greater amounts than could either aureomycin 
or chloramphenicol. The concentration of terramycin in the brain was 
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_ several times that of the blood concentration. Similarly, the concentration — 
of terramycin in the skin was several times that of the blood concentration. 
Aureomycin was found in greater concentrations than either of the other 


two drugs in the liver, kidney, and lungs, while chloramphenicol was found 
in higher concentrations than the other two drugs in the blood, spleen, bile, 
heart, and urine. The urine concentration of chloramphenicol in rabbits is 
higher than that of either terramycin or aureomycin. Thus, it is not com- 
parable to the results obtained in man. 

The amount of the three drugs remaining in the gastro-intestinal tract at 
four hours was obtained by analysis of the contents of the stomach and the 
small and large intestines separately. For the entire gastro-intestinal tract, 


_ there was no great difference in the concentration of the drugs per gram of 
contents. Greater amounts of chloramphenicol per gram of contents were 


found in the stomach proper, however, than could be demonstrated with the 
other two drugs. Relatively small amounts of chloramphenicol had reached 
the large intestine in the four-hour period the animals were under test. In 
contrast, large amounts of terramycin were found per gram of contents of the 
large intestine. These differences in concentrations obtained may be due in 
part to differences in solubilities of the three drugs or to delay in emptying 
time of the stomach. 


Discussion 


Studies made on terramycin, aureomycin, and chloramphenicol indicate 
that they have much incommon. These drugs may be used interchangeably 
in the treatment of a number of diseases. In spite of their chemical differ- 
ences, which are readily demonstrable, they appear to have much in common 
in their absorption and excretion in man and their distribution in the tissues 
of animals following oral ingestion. It is possible to demonstrate differences 
in the absorption, excretion, and distribution of these three drugs, but, 
where one appears to have slight advantage over the other in one respect, 
this advantage is over-shadowed by the superiority demonstrable for the 
other two in some other respects. The usefulness of these drugs in a given 
disease is a problem for the clinician. Obviously, there will be instances 
where patients are found sensitive to one of these drugs, in which case it will 
not be the drug of choice for that disease. Certainly, from what is known of 
the three drugs today, it is not possible to say that any one of them is the 
drug of choice for all diseases in which the three are effective. Chloram- 
phenicol certainly is the drug of choice in the treatment of typhoid fever, 
and it is logical to assume that aureomycin and terramycin will eventually 
be considered to be the drugs of choice in some one or more diseases. 

It is apparent from our studies that, with comparable single or multiple 
doses of terramycin, aureomycin, or chloramphenicol, higher blood concen- 
trations are obtained with chloramphenicol than with the other two drugs 
and that, although the blood concentrations obtained with terramycin and 
aureomycin are comparable, somewhat higher blood concentrations are ob- 
tained with terramycin. Following single or multiple doses of the three 
drugs, the concentrations of terramycin in the urine are invariably greater 
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than those demonstrated for the other two drugs. In this case, concentra- 
tions of aureomycin and chloramphenicol in the urine appear to be com- 
parable, although, in general, chloramphenicol concentrations in the urine 
at the various dosage levels are somewhat higher than those of aureomycin. 
Early in the studies on excretion of the three drugs, it was noted that con- 
siderably more terramycin was recovered in the urine over a 24-hour period 
than was the case with aureomycin or chloramphenicol. The differences in 
recovery appear to be too great to be explained on the basis of the inactiva- 
tion of chloramphenicol and the greater instability of aureomycin. Increase 
in oral dose of terramycin, aureomycin, and chloramphenicol did not, in 
many instances, result in corresponding increases in blood and urine concen- 

~ trations. This was particularly true with the higher doses, while, with the 
lower dosages, ¢.g., 0.25 and 0.5 gram, increasing the dose resulted in a cor- 
responding increase in blood and urine concentrations. It appeared that, 
possibly between the low and high doses, an optimum point of absorption 
was reached and the excess drug was excreted in the feces. In these studies, 
however, it was demonstrated that, with an increase in dose of terramycin 
and aureomycin, there was a trend upward, that is, an increase in the amount 
excreted in the feces. This was not true of chloramphenicol, since an in- 
crease in dose actually resulted in a decrease in the amount of this drug re- 
covered in the feces. On the basis of the amount of drug ingested, the 
amounts excreted in the urine and feces do not account for that given the 
patient. It would appear that relatively large amounts of all three anti- 
biotics are inactivated in the body, and this inactivation is particularly high 
with chloramphenicol. 


Summary and Conclusions 


(1) Terramycin, aureomycin, and chloramphenicol are rapidly absorbed 
from the gastro-intestinal tract and produce significant, continuous blood 
concentrations with doses as low as 0.25 gram given every six hours. 

(2) On the same dosage schedule, chloramphenicol exhibits higher blood 
concentrations in man than either terramycin or aureomycin. 

(3) Terramycin, aureomycin, and chloramphenicol are readily excreted by 
the kidneys and appear in the urine in an active state. The amount of ter- 
ramycin excreted exceeds that of the other two drugs by a significant degree 
when the drugs are given orally in comparable doses. 

(4) Relatively large amounts of terramycin are excreted in the feces, while 
smaller amounts of aureomycin and chloramphenicol are similarly eliminated 
from the body. 


(S) At proper oral dosage levels, all three antibiotics are widely distributed 
throughout the animal body. 
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THE ANTIMICROBIAL ACTION OF TERRAMYCIN 


By Gladys L. Hobby, Tulita F. Lenert, Daria Pikula, Mary Kiseluk, and M 
Elizabeth Hudders 


Biochemical Research Laboratories, Chas. Pfizer & Co., Inc., Brooklyn, New York 


The isolation of terramycin and the chemical and physical properties, as 
well as certain of the pharmacologic properties, of this new antibiotic have 
been discussed previously.!-* It is apparentfrom these reports that terramy- 
cin is a substance of relatively low toxicity and is absorbed following either 
oral or parenteral administration in animals and man. 

Data reported in previous communications by Finlay and his associates,® 
Hobby ef al.,7 Welch ef al.,* and others*™ emphasize the strong antimicrobial 
activity of terramycin and its salts against a wide variety of aerobic and 
anaerobic microorganisms, Gram-positive and Gram-negative microorgan- 
isms, and certain of the rickettsiae. The species of bacteria which are sus- 
ceptible to the action of terramycin i vitro are listed in TABLE 1. Of 109 
strains tested by Hobby and her associates’ and by Welch ef al.,° 61 (56 per 
cent) were sensitive to <1.0 mcg. of terramycin per ml. of medium, while 98 
(90 per cent) were sensitive to <8 megs. per ml. of medium (TABLE 2). Only 
Proteus vulgaris has been uniformly resistant to its action. 

Terramycin is effective against Endamoeba histolytica, as well as against 
certain of the associated bacterial species.!* Demonstration by experimen- 
tal methods that terramycin is effective against the spirochaetes has been 
difficult. Nonetheless, observations by Hendricks et al.,!® Schoch e¢ al.,"" 
and others have indicated that terramycin is capable of reversing the dark- 
field in syphilis, suggesting an effect upon Treponema pallidum. Loughlin 
and his associates,’® furthermore, have demonstrated its effect against Tre- 
ponema pertunue, the causative organism of yaws. 

The activity of terramycin against the rickettsiae and larger viruses will be 
discussed in detail in subsequent reports by other investigators. Suffice it 
to say that experimental laboratory and/or clinical studies have indicated 
that terramycin is effective against many of the rickettsiae, including Rickett- 
sia tsutsugamushi, Rickettsia prowazeki,®:*° Rickettsia akari," Rickettsia 
rickettsii," and Rickettsia burneti.© Terramycin is effective, furthermore, 
against the etiological agent of primary atypical pneumonia, and against the 
viruses of granuloma inguinale, lymphogranuloma venereum, and possibly 
other infections. There is no evidence to date that it is specifically active 
against the smaller viruses, and, in like manner, it is ineffective against the 
yeasts and fungi. 

Terramycin is active in vivo as well as im vitro. It is a highly effective 
chemotherapeutic agent against a wide variety of experimental infections in 
animals. A comparative study of terramycin and three of its. salts (the sul- 
fate, hydrochloride, and sodium salts) in mice experimentally infected with 
Streptococcus hemolyticus, Diplococcus pneumoniae, Klebsiella pneumoniae, 
Hemophilus influenzae and pertussis, and Salmonella typhosa, typhi murium, 
cholerae suis, enteritidis, and newport has indicated that the highly insoluble 
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TABLE 2 


THe ANTIBACTERIAL ACTIVITY OF TERRAMYCIN in vitro (109 Strains TESTED*) 


: “i - genes oe Number of strains Total vars of strains 
<0.5 46 42.2 

0.5- 0.9 15 13.7 

1.0- 4.9 30 Didier 
4 5.0- 7.9 i 6.4 
a ee cll Se aes ee ae 
9 ; 8.0-24.9 6 | 5.5 
3 25,0-S0_— 1 1.0 
4 > 100 4 au 
——————— ei A 
S lin eee | 109 100 
: * Composite data from Hobby etal. and Welch et als. 
Z cin; occasionally the amphoteric form appeared to be more effective. The 
$ differences were small, however, and in general the various preparations were 
g closely comparable under the conditions of test (TABLE 3). 
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its salts is the slow absorption of the parent compound in the body, a property. 
which may be a reflection of its low solubility.” 

_ The present report will briefly discuss further studies on the antimicrobial 
action of this substance. 

. Experimental. That terramycin is primarily bacteriostatic in nature has 
been reported previously.” *8 Studies to evaluate further the nature of the 
action of terramycin on microbial cells and the extent to which its action may 
‘be altered by changes in environmental factors have indicated that the con- 
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centration of terramycin present influences markedly the rate and extent of 
inhibition of growth of a given organism, as is the case with other antibiotics. 
Bactericidal action may be observed, however, if the concentration of anti- 
biotic is sufficiently high and the number of organisms sufficiently low. 
Under conditions suitable for bactericidal action, terramycin acts promptly 
without evidence of a lag period, the number of cells decreasing rapidly in 
some instances and more gradually, over a period of 5 to 24 hours, in other 
instances. ‘This is illustrated in FIGURES 1 and 2. 

If the number of organisms is increased and/or the concentration of ter- 
ramycin decreased, a somewhat different effect may be noted. Under such 
conditions, there is a definite lag period, frequently lasting from 5 to 7 hours 
(or longer), during which time the number of organisms remains almost con- 


see amount of terramycin is 5s ees 
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Pseudomonas pyocyaneus, both less sensitive to the action of terramycin, the 
rate at which a decrease in the number of organisms occurs, after 5 to 7 hours 
in contact with the antibiotic, varies not only with the concentration of 
the antibiotic but also with the initial number of cells (FIGURES 6 and 7). 

When subinhibitory concentrations of terramycin are used, the lag period 
frequently is prolonged, but growth occurs thereafter at a rate essentially 
the same as that observed in the absence of terramycin (FIGURE 8). This 
may be a true lag phase, followed by normal growth, or it may represent in- 
hibition of growth of sensitive organisms, followed by multiplication of those 
cells resistant to the action of the antibiotic. 

No data are available on the incidence of resistant cells in these cultures. 
Five strains of Mycobacterium tuberculosis have been cultivated, however, in 
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occurring resistant cells in highly sensitive cultures of Streptococcus hemolyti- 
cus and Klebsiella pneumoniae would be no greater than in less sensitive 
strains of Mycobacterium tuberculosis. One may assume, therefore, that the 
presence of such naturally-occurring resistant organisms is not a logical ex- 
planation for the temporary bacteriostatic effect of subinhibitory concentra- 
tions of terramycin. 

Whether or not terramycin acts on the actively dividing cell only has not 
been proven conclusively. The lack of parallelism between the rate of 
growth of certain strains of organisms in the absence of terramycin and the 
rate of inhibition of growth of the same strain by terramycin, under compa- 
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rable experimental conditions, suggests, however, that a direct relationship — 
may not be essential (FIGURE 9). 

Summary. Terramycin is an antimicrobial agent which acts promptly 
upon sensitive cells and exerts a bactericidal effect when the ratio of the con- 
centration of antibiotic to the initial number of organisms is high. As the 
ratio diminishes, the bactericidal effect likewise diminishes, and, indeed, only 
bacteriostatic action frequently may be demonstrated. 

’ Under conditions suitable for bacteriostasis, there is a prolonged lag period, 
during which no antimicrobial action is apparent. In this respect, terramy- 
cin is comparable to the sulfonamides. It differs from this group of com- 
pounds, however, in its ability to produce a bactericidal effect under appro- 
priate conditions. 

It is recognized that these observations have been made only on single 
strains of bacteria belonging to four different bacterial species. At present, 
no explanation is offered for the fact that the mode of action of terramycin 
does not appear to be the same against all of the four species. 

Terramycin is active both in viiro and in vivo against a wide variety of 
pathogenic organisms belonging to the bacterial, spirochaetal, and rickettsial 
groups. It is active also against certain of the larger viruses and against 
Endamoeba histolytica. It is effective in the amphoteric form, as well as in 
the form of its water-soluble salts. 
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THE SUSCEPTIBILITY OF GRAM-POSITIVE COCCI; GRAM: | 
_ NEGATIVE BACILLI, AND CLOSTRIDIA TO TERRAMYCIN ~ 


By Eleanor A. Bliss, Patricia Todd Warth, and Caroline A. Chandler 


Department of Preventive Medicine, The J ore a verre University Medical School, Baltimore, 
aryla 


; Studies of terramycin, begun in January, 1950, have included observa- 
tions on its activity in vitro against a number of bacterial species, its effect 
4 on the rate of multiplication of E. coli and its therapeutic properties in a 
4 few experimental infections. Since most of the findings have been reported 
elsewhere,! they will be discussed only briefly here. 

_ The derivative used here is the hydrochloride. The sodium salt was com- 

- pared with it in a few in vitro tests and appeared to be essentially similar. 

In TABLE 1, a comparison is made of the minimal inhibitory concentrations 

of terramycin and aureomycin for a number of bacterial species. The tests 

were made in fluid media and were read after 20 hours incubation at 37°C. 

It is seen that terramycin is slightly more effective than the older agent for 

a majority of the strains, inhibiting them at concentrations of one-fourth 

to one-half those required for aureomycin. Four strains of Pseudomonas 

“ were much more sensitive to terramycin than to aureomycin. Both agents 
: are more effective against Gram-positive than Gram-negative bacteria. 

Terramycin appears to be less susceptible than aureomycin to binding, 
or inactivation, by serum. It does not deteriorate as rapidly at warm tem- 
peratures and is almost inert to changes in the pH of the medium. Like 
aureomycin, it is but little affected by the number of organisms in the in- 
oculum. Superficially, the modes of action of the two agents appear to be 
similar. In concentrations up to eight or ten times its minimal inhibitory 
concentration, neither is bactericidal. Instead, each brings about only a 
gradual decline in population, the duration of which depends upon the con- 
centration of the drug. Termination of bacteriostasis occurs, with terra- 
mycin as with aureomycin, when the agent has deteriorated to a point 
below the inhibitory level. If the concentration of drug is sufficiently high 
at the start, the culture may be sterilized before the subinhibitory level is 
reached. 

The therapeutic properties of terramycin and aureomycin were compared 
in infections induced in mice (CF; strain) with two species of Gram-positive 
coeci, two species of Gram-negative bacilli and two species of clostridia. 
With the aerobic organisms, the tests were of a prophylactic type, inasmuch 
as treatment was begun immediately after inoculation of the mice. Two 
additional treatments were given via the subcutaneous route. The or- 
ganisms were injected intraperitoneally, 10,000-100,000 lethal doses being 
employed. The cocci and the strain of Klebsiella pneumoniae were diluted 
out in broth. The Haemophilus influenzae was suspended in mucin. The 
results are shown in TABLES 2 and 3. 

In the haemolytic streptococcal and the pneumococcal infections, aureo- 
mycin, in doses of 20 and 25 mg./kg., protected all of the mice, whereas 
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terramycin saved only 10 per cent., On the other. hand,. terramycin. was 
the more effective of the two agents in the bacillary infections, giving 50 
per cent survival, or better, when doses of 20 mg./kg. were used, while aureo- 
mycin failed to save half the mice at double this dosage. 


TABiE 1 - 
Tue in vitro ACTIVITY OF TERRAMYCIN AND AUREOMYCIN 


Organism No. Terramycin~ _Aureomycin 
minimal inhibitory concentration pg./ml.: 

Gram-negative bacilli . 

HH, tAPURNBdE ss a6 26 5. + <sterne gage 25 259 

SS. Wy PROSE Gos. Gorin denser Tree ae ee 0.6 
Goli-aerogenes) Ame wi ceee tea 0.6-2.5 1.2-5 

K. pmeumoniae...... 260-0 00ee recess} 2 1.2-5 12-5 

IP vob OuS pee Bite digs «ana ea ase 10-100 100 

PP scud GIONS mani eres ees ne 3.1-6.2 50-100 
Gram-positive cocci ~ : 

Haem. sirept. 

GLOUp A ee face ee eee .04-.16 08—.31 

Group:B)iG, Disease aoe -16-.31 | 31-1.2 
Strept. viridans: ... oni eos ae steel + eee & .31-.62 | -62 

Sept $QCCMIS. cia angi oa eae) a 31 .62 
Staphylecdcel os ..s- ee 16-30 | 31-.62 
Gram-positive bacilli | | 
IDIpHUbetold, .. sey qc nten sme een me .16 | 16 

Be Subislis..dcn soe oo ee < .08-.16 | .08-.16 
Clostridia.isdaoted* eee eee Oe .05-.5 | .O1-.1 


TABLE 2 

ifs 

THERAPY OF CoccaAL INFECTIONS IN MIcE wiTH TERRAMYCIN AND AUREOMYCIN—R= 
S. C. ar 0, 53, AND 23 Hours 200 


B Streptococcus—C203 | Pneumococcus—type 


100,000 M LD 10,000-100,000 MLD 
Dose of drug = ae th r == 
mg./kg./dose Terra. | Aureo. Terra. | Aureo. 
% survival 
2 0 | 10 | = i 
5 15 | 10 0 5 
10 0 30 0 10 
15 - _ | 0 35 
20 — — — 100 
25 10 100 10 | 100 
50 70 —_ 100 | os 
None | No survivors | No survivors 


The work with the clostridia was started as a separate study before terra- 
mycin was received at this laboratory. It has been known for some time 
that penicillin was successful in the treatment of certain types of infections 
induced with Clostridium welchii and Clostridium septicum, but, with the 
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exception of bacitracin, other antibiotics have, proved valueless.? -.Most:of 
these studies, however, antedate the discovery of a number of effective ae 
biotics and it seemed timely, therefore, to look over the new agents to see 
if some of them might at least equal penicillin in anticlostridial activity. 
When terramycin was received, it was added to this study. 

_ The inhibitory concentrations of aureomycin and terramycin for a group 
of clostridia have been shown in TABLE 1. Included in that group were 
from 1-3 strains of Cl. welchii, Cl. novyi, Cl. tetani, Cl. septicum, and Cl. 
sporogenes.* ‘Tested in Brewer’s thioglycollate medium, they were inhibited 
by approximately the same concentrations of the two agents. Of the other 
antibiotics which were tried, penicillin proved as effective as aureomycin 


and terramycin, whereas chloramphenicol, streptomycin, neomycin, and 


polymyxin D were less effective, in the order given. 


TABLE 3 


THERAPY OF BACILLARY INFECTIONS IN MICE WITH TERRAMYCIN AND AUREOMYCIN—}: 
S. C. at 0, 53, anp.23 Hours 


K. pneumoniae—type A H. influenza-—type B 
10,000-50,000 M LD 75,000 organisms 
Dose of drug = 
mg./kg./dose Terra. Aureo. Terra. Aureo. 
% survival 
10 10 — 0 | 10 
15 5 —_ 0 | = 
20 60 _ | 50 30 
25 70 0 — _— 
40 aoa ve 90 10 
50 — 10 — —_ 
75 == AO = == 
100 a 30 Fi mas 
None No survivors | 1/20 survived 


The original plan was to compare the antibiotics in experimental infec- 
tions induced with four species of clostridia. To date, however, satisfac- 
tory infections have not been elicited with the available strains of Cl. welchu 
and Cl. novyi.. The observations, therefore, concern only Cl. septicum and 
Cl. tetani. 

Spore suspensions of these two organisms were used. They were so dilu- 
ted with CaCl: solution (23 per cent for Cl. septicum; 6 per cent for C7. 
tetani) that 0.1 ml. contained approximately 100 lethal doses. The injec- 
tions were made subcutaneously in the backs of mice. This dose of Cl. 
septicum spores produces a fulminating infection in which blood cultures of 
a majority of mice are positive in six hours and death occurs in less than 24 
hours. The tetanus infection develops more slowly; untreated mice die be- 
tween the 48th and 72nd hours after injection of the spores. Paralysis is 


ical Laboratories and Dr. John Brewer of 


* Kindly supplied by Dr. Harriet Vera of Baltimore Biolog 
Me 2 ‘ted for the suspension of tetanus spores used 


Hynson, Westcott & Dunning. To Dr, Brewer, we are also indebt 
in the therapeutic studies. 


setramycin, and aureomycin were nee effective, riven 90 to 100 per 
ent of the-mice in doses under 1 mg./kg. Chloramphenicol, neomycin, 
and streptomycin were much less successful and, therefore, were not tested — 
further. 


TABLE 4 


Tuerapy oF Cl. septicum INFECTION IN MiceE—100 MLD Taree TREATMENTS: 0-5: 
AND 23 Hours 


: : trepto. Neo. 
Dee ene Peni. G | Aureo. | Terra | Chloro Strepto | | ke 
mmEchhes -" % survival (10 to 20 Mice Each Group) 
75 — — = oe es 40 
50 ‘100 100 <= 80 55 30 
25 — — a 60 =A ae 
20 = = 100 ee 0 es 
1 to 0.05 90 90 90 to 100 — _ — 
0 No survivors 


The survival rates observed after a single treatment given at six hours 
are shown in TABLE 5. Here also, therapy with penicillin, terramycin, and 
aureomycin produced excellent results. Penicillin, at 0.5 mg./kg., and 
aureomycin and terramycin, at 1 mg./kg., gave over 50 per cent survival. 
When the treatment was given in the leg, instead of at the site of infection, 
equally good protection was obtained. 

As previously stated, the tetanus infection was slow in developing. Thus, 
except in the first experiment, treatment was always withheld for six hours 
and was kept up for several days. In TABLE 6 are shown the survival rates 
‘obtained with six antibiotics at doses from 100 to 0.2 mg./kg., first ad- 
ministered at 6 hours and repeated six times. Penicillin was the most effec- 
tive of the agents under these conditions. Terramycin was more effective 
than’ aureomycin, which, here, gave only slightly better survival rates than 
chloramphenicol. 

The effect of prolonging the interval before starting therapy of the tetanus 
infection is now being studied. The results of a preliminary experiment, 
in which penicillin and terramycin were used, suggests that it may be possi- 
ble to wait 18 hours before giving these agents and still have a fair number 
of-mice survive. With a delay of 24 hours or longer, however, mice treated 


e Cl. septicum 1N Mice WITH PENICILLIN G, AUREOMYCIN, AND TERRAMYCIN. 


| 100 MLD—Sivere TREATMENT—6 Hour DELAY 
; ‘eee Dose of dru Ponce’ | Auten oes aah pee 
mg, = - ? 
a wie | ——-%o survival (10-20 mice each group) 
c ea 90 100 
Z 100 70 55 
1 70 70 55 
0.5 70 25 15 
0.25 10 — — 
3 0.1 - 0 = — 
, 0.0 : , No survivors 


TABLE 6 
= THERAPY OF Cl. tetani INFECTION IN Mice wits Srx AntiBiotics. MLD—SEvEN 
' TREATMENTS: 6 Hour Detay, Twice Day ror THREE Days 
SS EE ee 


Dose of drug | Peni.G | Terra. | Aureo. | Chloro. Strepto. Neo. 
mg./kg. per 
R % survival (10-20 mice each group) 

100 100 100 100 100 100 50 
a 50 100 100 100 = 45 10 
= 25 90 100 90 80 0 0 
y 10 100 100 45 20 = — 
i, 5 100 80 40 = = we 
a 1 90 60 — — = — 
2 0.2 60 oO + — =; — = 
A 0.0 No survivors 
4 The modes of action of these two agents appear to be similar. They are 


bactericidal only in moderately high concentrations. 
Terramycin was less effective than aureomycin in the treatment of pneu- 


4 mococcal and haemolytic streptococcal infection, but more effective in in- 
-.  fections induced in mice with strains of H. influenzae, K. pneumoniae, and 


Cl. tetant. $ 
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a 
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bs Chloramphenicol, streptomycin, neomycin, and polymyxin D were less 
: effective than penicillin G, terramycin, and aureomycin against clostridia, 
ze in vitro and in vivo. 
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PATTERNS OF RESISTANCE TO ANTIMICROBIAL AGENTS ~ 


By Vernon Bryson and M. Demerec 
Biological Laboratory and Carnegie Institution, Cold Spring Harbor, N.Y. 


Investigations on terramycin have been in progress in our laboratories 
for only a brief period, but it is already apparent that preliminary con- 
clusions may be formulated concerning the pattern of resistance of specific 
bacteria to this new antibiotic. Attempts have been made to select resistant 
bacterial strains, using methods previously employed in studying other 
antibiotics. Comparison of the resistance patterns of bacteria to different 


antibiotic agents is simplified by the observation that, when resistance is de- 


pendent upon genetic changes, certain characteristic and distinct types of 
experimental results may be obtained. 

A genetic approach to the problem of resistance is based on certain funda- 
mental postulates. It is assumed that resistance is established in bacterial 
cultures by the selective action of a deleterious environmental agent, which 
eliminates all individuals except those able to survive by virtue of mutation 
to resistance. This means that, if selection is to be effective, the population 
must consist of a variety of distinct genetic types. Where careful study 
of large bacterial cultures has been made, this is always found to be true. 
The reason is evident. Though rates of bacterial mutation may be rela- 
tively low (of the order of 10-* or less) the number of single individuals, 
and hence opportunities for genetic change, is enormous in a bacterial cul- 
ture grown under favorable conditions. A 10-ml. aerated broth culture of 
Escherichia coli inoculated with one or a few genetically identical cells would, 
on saturation, contain at least 10'° cells. With some statistical fluctuation, 
mutants can always be found in a large culture in numbers, dependent 
upon mutation rate, relative growth rates, and selective pressures acting 
on the variant type. If some of the mutant types are relatively resistant 
to an antibiotic, they and their descendants form a basis for the selective 
emergence of resistant strains." ” 

Since mutation occurs spontaneously, the origin of resistant types is not 
dependent upon activity of the selective agent. Stated alternatively, re- 
sistant cells arise before contact, and not as a result of contact with the anti- 
biotic. This has been demonstrated clearly by the fluctuation test of Luria 
and Delbriick,* recently placed on a more quantitative basis by Lea and 
Coulson.2 Newcombe’ has arrived by independent methods at the same 
conclusion. ‘The findings do not deny the existence of specific instances of 
direct enzymatic adaptation to environmental stimuli. Neither do they 
rule out the theoretical possibility that, in special instances, the selective 
agent may have an independent influence on the general rate of mutation, 
and thereby on the rate of mutations to resistance. 

Examples have been reported of changes in the resistance of bacterial 
cultures after cultivation in media containing several types of microorganisms. 
Winner® described conversion of staphylococci from penicillin resistance to 
sensitivity as an inductive effect due to the presence of penicillin-sensitive 
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streptococci in the same culture. A similar investigation shas_been per- 
formed by Vourecka.? Before final conclusions are drawh concerning’ these 
interesting experiments, careful analysis should be made of the possible 
selective effect of metabolites favoring the establishment of certain mutant 
types as reported by Goodlow and associates. Again, the crux of the prob- 
lem is to distinguish between induced changes at the cell level and selective 
changes at the population level. - - ’ A 

The resistance of cells to a selectively toxic antibiotic agent can be seen 
to be classifiable on the basis of survival curves. Demerec? has shown that 
two types of patterns exist. In either case, the family of survival curves’ 
is obtained by observing the relative proportion of cells able to produce 
colonies upon cultivation in graded concentrations of antibiotic. Each: 
point of the curve represerits a separate experiment in nutrient agar medium, 
using an inoculum of known titer and a fixed concentration of antibiotic. 
The inoculum size is so varied as to yield a countable plate in the presence 
of the antibiotic. ‘The curves obtained, besides revealing the obvious fact: 
that fewer cells survive at. high concentrations of antibiotic, provide an in-. 
dication of relative differences in the individual degree of resistance of cells: 
in the original population. At least some of these differences in-sensitivity 
are genetic, and, by selecting survivors from colonies appearing in Petri 
plates containing higher concentrations of antibiotic, one may grow another. 
stock culture of bacteria whose average level of resistance will be higher 
than the original. Such variants are called “first-step mutants.’” Although 
only about 0.001 per cent of an average culture can grow in a nutrient agar 
medium containing 0.1 units of penicillin per ml., the first-step mutants 
surviving this concentration will yield about 1 per cent survivors at the 
same concentration of penicillin! Because of the greater level of resistance,, 
a different survival curve will be obtained when various concentrations of 
antibiotic are employed against first-step resistant strains. Additional 
mutants within this new population afford an opportunity for the further 
selection of second-step mutants. The process of picking a resistant colony, 
culturing, and plotting a survival curve is repeated until relatively complete 
resistance is obtained. The composite curves form what has been called a 
resistance pattern. A basic distinction of the penicillin type of resistance 
resides in our inability to obtain a completely resistant strain without the 
process of serial cultivation in gradually increasing concentrations of anti- 
biotic, a procedure thought to allow the consecutive accumulation of a 
series of independent mutations. In this type of pattern no single mutation 
has sufficient effect to give full resistance in one step. Complete resistance 
must come through the cumulative effect of a series of mutations of separate 
origin. 

The streptomycin pattern of resistance is very different, and, up until 
now, unique. Apparently, the individual mutants to streptomycin resistance 
vary widely in degree of resistance. Within a large population originating 
from a few sensitive cells, there may occur single mutations affording all 
degrees of resistance from slight to complete. Mutants of intermediate 
streptomycin sensitivity may be eliminated by high concentrations of the 
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antibiotic. _ Forms completely resistant to any practical concentration of: 
streptomycin are always present in large populations.? It is their origin 
from sensitive bacteria that has made the clinical use of streptomycin a 
_ process leading repeatedly, in chronic diseases, to the development of re- 
sistant strains. 

An idealized representation of the penicillin and streptomycin types of 
resistance is shown in FIGURE 1. In the penicillin type of resistance, no 
“survivors are found when large numbers (ca. 108) of bacteria descended from 
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INCREASED CONCENTRATION OF ANTIBIOTIC 


Ficure 1. Comparison of survival curves, showing the penicillin and streptomycin types of resistance 
pattern. 


to the threshold of complete bacteriostatic or bactericidal effect will form 
reproducible survival curves, showing a higher average level of resistance 
when grown and similarly tested. The process may be continued to obtain 
third-, fourth-, and fifth-step mutants, each consecutive strain being of rela- 
tively less average sensitivity and containing within itself sufficient genetic 
diversity to allow further selection. The penicillin type of resistance is 
found when E. coli is exposed to aureomycin,’ chloromycetin, or neomycin,” 
and when Mycobacterium ranae is tested against neomycin." 
Examination of the streptomycin type of resistance pattern in FIGURE 1 
shows that thé original survival curve of bacteria grown from a sensitive 
strain also falls off rapidly with increasing levels of the inhibitory agent. 
Small numbers of mutations to complete resistance insure a few survivors. 
First-step mutants picked from colonies on intermediate concentrations of 
streptomycin include some bacterial types just able to grow at the interme- 
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diate concentration as well as fully resistant forms able to survive: higher — 
concentrations. In contrast to first-step mutants in the penicillin pattern, 
the selected bacterial strains will show a wide diversity of resistance pat- 
terns. From the genetic point of view, we may assume that development 
of resistance requires (1) the consecutive accumulation of small independent 
mutations with cumulative effect, or (2) the occurrence of mutations suf- 
ficiently effective to give complete protection against the antibiotic a3 the 
result of a single genetic change. Only the former situation prevails in the 
penicillin pattern of resistance, whereas the streptomycin type of resistance 
is distinguished by the presence of genetic changes having either major or 
minor effect. ‘The work of Newcombe and Nyholm,” together with that of 
Demerec,* indicates the unilocal nature of the mutation to complete strep- 
tomycin resistance in E. colt. 

Having established alternative patterns of resistance to antimicrobial 
agents (antibiotics), it remains to determine the position occupied by terra- 
mycin. Our work on terramycin resistance is in a very preliminary phase. 
Those facts that have emérged appear to be clear. 

Terramycin has been reported to be relatively stable.* Yet, in contact 
with ordinary culture media such as nutrient agar or nutrient broth, its 
inhibitory effect is found to be transient. Using turbidity as a standard of 
growth, we have tested the stability of terramycin in liquid media. A 
series of tubes was prepared with nutrient broth containing 80 yg. of terra- 
mycin hydrochloride per 10 ml. The first tube was inoculated with ap- 
proximately 10° bacteria (E. coli), and the entire series was then incubated 
at 37°C. One additional tube was inoculated on the second day and another 
on the third. All three tubes became turbid almost simultaneously on the 
fourth day of incubation. The bacteriostatic efficiency of terramycin was 
clearly decreased by preincubation of the medium containing the antibiotic 
before introduction of the bacteria. A similar conclusion was reached 
when M9 synthetic medium containing 1 per cent pancreatic digest of casein 
was substituted for nutrient broth (FIGURE 2). Turbidity measurements 
were made on a Klett-Summerson colorimeter, using a green filter. Medium 
containing 16 wg. of terramycin per ml. was inoculated with 1.8 X 10° &. 
coli per ml. The 10-ml. cultures were inoculated immediately (tube 1), on 
the third day of incubation (tube 2), and on the sixth day (tube 3). De- 
terioration of the drug is shown by the direct relation between the onset 
and extent of growth and the period of preincubation at 37° C. before in- 
oculation. 

The instability of terramycin has been stressed because it introduces a 
serious difficulty in attempts to make experiments on bacterial resistance. 
Resistance patterns are based on survival curves, that is, on the number of 
bacteria surviving plating in known concentrations of antibiotic. Attempts 
to obtain survival curves with terramycin, using EZ. coli as the test organism, 
show that the proportion of survivors is a function of the period of incuba- 
tion. As the drug deteriorates, more and more colonies appear on the plate. 
A fixed arbitrary incubation period must be chosen, and the investigator 
should be well aware that slow-growing resistant mutants can be lost in 
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the larger numbers:of normal bacteria appearing after prolonged incubation. 


Similar difficulties are encountered with aureomycin. 
Our colleague, Jen-yah Hsie, has initiated a study of the resistance of 


~ Mycobacterium ranae to terramycin. It was found that 100 ug. of terra- 
_ mycin per ml. of asparagine glycerol agar inhibited the growth of incubated 


M. ranae for 17-days, with an inoculum of 10’ cells per ml. After the sixth 
day of incubation, colonies began to appear on the plates containing 25 yg. 
and 50 yg. of antibiotic per ml. “Eight colonies were used to establish sub- 
cultures. The resultant strains, after growth in broth containing 0.1 per 
cent Triton A20, were no more resistant than the parent strain. The search 
was continued, and, at the present time, strains of M. ranae have been es- 
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Ficure 2, GrowthofE. coli inM9 medium containing 1 percent Difco pancreatic digest of casein. Gradua 
loss of inhibition capacity of terramycin (16 ug./ml.) results from pre-incubation in the medium at 37°C. 
prior to inoculation of cells. 
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tablished that have a slightly higher degree of resistance than the sensitive 
parent type of organism. 

The evidence available at present from experiments with EF. colt and M. 
ranae shows clearly that neither highly resistant nor completely resistant 
individuals are present in populations of these bacteria, since colonies ap- 
pear on plates containing high concentrations of terramycin only after 
several days have elapsed, when presumably the potency of the antibiotic 
in the medium has decreased. 


Discussion 


In higher organisms, there may be variations in the number of available 
sites for genetic change and in other properties affecting the genetic sta- 
bility of the individual species. It is to be anticipated that rates of muta- 
tion to resistance will likewise vary among different species of bacteria, 
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although the present fragmentary knowledge of bacterial genetics prevents 
clear insight into the fundamental mechanisms involved. When resistant 
mutants cannot be found in populations of a particular bacterial:species, 
alternative interpretations are possible. Either the mutation. rate is so. low 
that enormous populations and lengthy experiments would: be required to 
reveal individual mutants, or the species is physiologically inviable in the 
mutant form. Altered metabolic. pathways of mutant bacteria could con- 
ceivably be lethal in species not endowed with the requisite subsidiary 
metabolism to adjust to the genetic changes associated with loss of sen- 
sitivity, | es ete $4 . Of 2. eee cee 

It has been observed previously that the pattern of resistance of bacteria 
to an antibiotic is characteristic of the antibiotic itself rather than the bac- 
terial species. In other words, we have not yet found an antibiotic that 
will bring out the penicillin pattern of resistance in one species of bacteria 
and the streptomycin pattern in another. The probable explanation of this 
fact is that kinds of bacteria affected by a particular antibiotic have certain 
genetic properties in common, which dare responsible for their ‘sensitivity. 
These similarities insure a common qualitative, if not quantitative, response. 
The physiological interaction of genetic system and antibiotic determines 
the type of pattern obtained. ; pes bo 

The highly preliminary findings with terramycin suggest that the strepto- 
mycin pattern of resistance does not characterize this agent. Its clinical 
use should therefore not lead to the development of resistant strains as fre- 
quently as the use of streptomycin. An exception could arise if some 
pathogen proved to exhibit the streptomycin pattern of resistance to terra- 
mycin. As already stated, this development does not seem probable on the 
basis of our current knowledge, yet it remains a possibility. The conserva- 
tive investigator would do well to test each organism in which he is interested 
against terramycin to determine the individual differences in sensitivity 
and the frequency with which resistance will be encountered. 


Summary 


The origin of bacterial resistance to antibiotics appears to depend on the 
selection of spontaneously occurring mutants present in large populations 
of cells. Genetic diversity of a bacterial culture provides a small number 
of individuals whose relatively greater resistance permits them to survive 
concentrations of antibiotic that are inhibitory or lethal to the sensitive 
component of the culture. Cells with intermediate levels of resistance may 
become more resistant by the accumulation of additional mutations. 

There are two known patterns of bacterial resistance to antibiotics. The 
first, or penicillin type, requires a series of multiple genetic steps for the 
development of complete resistance. First-step mutants, obtained from 
sensitive cultures by the selective action of the antibiotic, provide material 
for the additional selection of more resistant second-step mutants. Com- 
plete resistance is never attained by a single mutation and requires the in- 
teraction of a series of consecutive mutations. * 


In the second, or streptomycin type, complete resistance may be brought 
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; resistant fomns ean eventually y be sr eh by serial cultivation 
g concentrations of terramycin will be known after further study. 
I ne limited range ob our eapeemOClD resistance to terramycin api 


- chloromycetin, and neomycin. | 
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CLINICAL STUDIES ON TERRAMYCIN* 


By Maxwell Finland, Thomas M. Gocke, George Gee Jackson, 
C. Ray Womack, and Edward H. Kassf 


Thorndike Memorial Laboratory, Second and Fourth Medical Services (H arvard), Boston City 
Hospital, pig Department of Medicine, Harvard M. edical School, Boston, Massachusetts 


To date, we have observed 87 patients who have been treated at the 
Boston City Hospital with terramycin hydrochloride by mouth. Most of 
these patients had either pneumonia, other acute respiratory infections, or 
urinary tract infections. The results are summarized in TABLE 1. 

About one-half of the patients showed a good response to treatment with 
terramycin, in that fever, symptoms, and other evidence of infection sub- 
sided promptly and the causative organism was cleared rapidly following 
the institution of therapy. One-fourth of these patients showed only an 
indifferent response; recovery in these patients occurred more slowly, or the 
organism was not cleared or the response could not be definitely attributed 
to the terramycin therapy. In the remaining patients, no favorable effect 
could be attributed to terramycin. 

Effect in Pneumonia. Of the 25 patients with pneumonia, 19 were due 
to the pneumococcus. Seven of these had positive blood cultures before 
terramycin was begun. Treatment in the pneumonias was started between 
the first and 15th day after the onset, and, in most cases, it was begun on 
or before the fifth day. The dose was 0.5 gm. every 4 hours, and 15 of the 
patients received an initial dose of one gram. ‘Treatment was continued for 
3 to 11 days (average 6.9), the total dose per patient being 10 to 66 grams 
(average 20). Most of the patients received from 10 to 20 grams in 4 to 7 
days. Five of the patients required treatment with other antibacterial 
agents before the febrile and active phase of the infection was brought under 
control. 

The bacteriological results could be evaluated only in the pneumococcal 
pneumonias (TABLE 2). In the 7 bacteremic cases, all blood cultures taken 
after treatment was started were negative. Pneumococci could be cultured 
in the sputum for only one day after the treatment was begun in 7 of the 19 
patients. They were still present on culture from 2 to 4 days in 9 others. 
In 2 patients, pneumococci were still present after 2 days of therapy, but 
no further observations were made. There was one patient in whom pneu- 
mococci persisted until treatment with aureomycin was instituted. 

The clinical effects in the 25 patients with pneumonia are shown in TABLE 
1. All of the nonpneumococcal pneumonias responded rapidly, with sub- 
sidence of fever within 24 hours or less, and symptoms cleared within the 
first 2 days. ‘Two of these were clinically characteristic of primary atypical 
pneumonia, but cold agglutinins did not develop. The others were cases of 
lobar pneumonia in which no significant pathogen could be recovered. Of 
the 7 patients with pneumococcal pneumonia and bacteremia, only one had 


* Aided by a grant from the United States Public Health Service. 
+ Senior Fellow in Virus Diseases, National Research Council. 
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> _ Errect or TERRAMYCIN ON THE BACTERIOLOGICAL FINDINGs IN 19 PATIENTS WITH 
PNEUMOCOCCAL PNEUMONIA 
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Pneumococci in sputum cultures before treatment was started 
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terramycin therapy, and symptoms of active infection persisted during this 
time. Among the 12 patients with nonbacteremic pneumococcal pneu- 
monias, 7 showed a favorable response, with subsidence of fever within 48 
hours and marked improvement of symptoms within the first few days. The 
remaining 5 continued to have fever and symptoms for 4 to 9 days after 


the treatment was started. 
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temperature and symptomatic improvement. The number of pneumococci . 
in the cultures of the sputum declined promptly and then cleared in all 3 
patients, but Staphylococcus aureus in varying numbers appeared in subse- 
quent sputum cultures. 
The significant features of 3 cases of pneumococcal pneumonia with bac- | 
teremia are shown in FIGURE 2. Only one of the 3 patients showed prompt | 
clinical improvement, while the other two had a slow resolution of fever | 
and symptoms. Blood cultures, taken after therapy with terramycin was 
started, all showed no growth. The pneumococci were cleared from the : 
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P sputum quite rapidly in all 3 patients, but they were replaced by hemo- 
lytic Staphlococcus aureus in each instance. 


The complications in the patients with pneumonia are shown in TABLE 
3. Purulent pleural fluid was demonstrated after treatment was started in 


, _ 3 patients, but the fluid was sterile in each instance. One patient had signs 


of meningitis, and a lumbar puncture yielded slightly turbid cerebrospinal 
fluid that gave no growth on culture. There were 3 patients in whom signs 
of consolidation persisted for more than 2 weeks. The flora of the sputum 
in 16 of the patients was replaced by strains of Staphylococcus aureus, most 
of which were hemolytic and coagulase-positive. This organism was the 
only, or predominant, one in the sputum of most of these patients. It was 


__ first observed in 12 patients on either the third or fourth day after terra- 


mycin treatment was started and in three patients on the 7th to 18th day. 
One of these patients developed severe diarrhea, and a culture of the stool 


TABLE 3 
COMPLICATIONS IN PATIENTS WITH PNEUMONIA TREATED WITH TERRAMYCIN 


Complication No. of patients 
Empyema (sterile) ........---2+- +--+ seer errr scree 3 
Meningitis (sterile)... .. ..-: 1... ees eet ee eee te eee ee 
Delayed resolution. ..... see eee 3 


Staphylococcus aureus in sputum cultures 
1 day after treatment begun............. +--+ +55 +e 00+ 
3 days after treatment begun.........---. +. +--+ -2 se 0ee 
4 days after treatment begun.........------ +--+ 220505 
7-18 days after treatment begun.........----------++ ++ 
Also predominant in stool culture. ....---------.-+++0++> 


Rew e 


showed Staphylococcus aureus to be the predominant organism and in nearly 
pure culture. 

Urinary Tract Infections. The results of terramycin therapy in the 30 
patients with urinary tract infections are also indicated in the first table. 
The dose was 0.5 gm. every 6 hours in most cases and every 4 hours in some. 
Treatment was given for an average of 10 gm. in 6.4 days. One-third of 
these patients responded favorably and, in 13 patients, there was no effect. 

The bacteriologic findings are shown in TABLE 4. A. aerogenes and E. coli 
were the most frequent organisms before therapy was started. ‘These or- 
ganisms were cleared in most of the patients during treatment. In 3 pa- 
tients, however, each of these strains persisted during the course of treatment, 
and they were still present after treatment in 2. B. proteus was less fre- 
quent before treatment was started, but this organism persisted in each in- 
stance during treatment and, in one case, remained after treatment was 
stopped. New strains of proteus appeared in 3 patients during the course 
of treatment, however, and similar strains were first obtained from the 
urine after treatment had ended in 6 additional patients from whom this 
organism could not be obtained before terramycin was started. Strains of 
hemolytic Staphylococcus aureus were likewise isolated for the first time 


Uaiae. aerogenes. 575k 
Escherichia coli. . Seo eee | 
Proteus vulgaris... 0... ...020 05. 
Staphylococcus aureus: | 
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hemolytic, eee Rot gee 
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ism before treatment; 2 had 2 organisms and 1 had 3 organisms during therapy; and 3 patients had 2 organisms 
after therapy ended. . 
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therapy, but only one-third of the patients in whom observations could be i 
made had sterile urine after the therapy was ended. 

_ The effect on the pyuria is shown in TABLE 6. Pyuria cleared completely 
during therapy in only 7 patients, and after therapy in 5. There was defi- 
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nite diminution in the number of white cells in the urine in 10 additional 
_ patients during therapy and in 7 following the cessation of therapy. 


Miscellaneous Cases. Terramycin was used in the treatment of 8 patients 
with clinical influenza. The virus was isolated before therapy was started 


- from 5 of thesz patients. All but one showed prompt improvement after 


terramycin was started. These cases will be discussed in a separate paper. 

The 5 patients with miscellaneous respiratory tract infections included 4 
who had bronchopulmonary infections associated with a mixed bacterial 
flora, and one of them also had empyema. The fifth patient had a recur- 
rent acute sinusitis. None of these 5 patients showed any appreciable effect 
from the terramycin therapy. The patients with pertussis responded favor- 
ably and will be considered in a separate paper. 

There were 3 patients with streptococcal infections. One with pharyn- 
gitis and another with erysipelas responded favorably. The third patient 


TABLE 7 
Unrowarp EFFECTS OF TERRAMYCIN THERAPY IN 87 PATIENTS 


. . No. of : Therapy 
Toxic effect patients Mild | Moderate| Severe stopped 
INETISG ROM conc yo ee ta 28 9 11 8 0 
SCT VV) eee Rl Bare eres I ae 27 9 8 8 9 
Whianrhed aiid secast tiie = Be eer 32 13 10 9 6 
Stargate ie eee ee een Orne ee 5 0 1 4 2) 
nee eee 2 2 0 0 0 
Epigastric pain........-.-------| 1 1 | 0 0 0 
——— | ! 
Total no. of patients with toxic effects.....--.-. +--+ ++ essere 49 (56%) 
a “Required cessation of therapy... --- =. 2+ +++: ++ +)--ee ttt Nd (13%) _ 


had a streptococcal bacteremia and septic arthritis. The bacteremia in the 
latter cleared promptly following institution of therapy, but organisms per- 
sisted in the synovial fluid for several days in spite of therapy. The fever 
subsided and clinical symptoms in this patient improved slowly. Hemolytic 
streptococci were cultured from the pharynx of the patient with strepto- 
coccal pharyngitis 2 weeks after treatment with terramycin was stopped. 
He had this therapy for only 3 days. 

A chronic diphtheria carrier was treated with terramycin for 5 days with 
a total of 10 grams. Organisms could not be obtained from nasopharyngeal 
cultures of this patient during one month of observation following this 
therapy. In a patient with staphylococcal cellulitis, there was progressive 
improvement in fever and in the local lesion over a period of 72 to 96 hours. 
Hemolytic Staphylococcus aureus, however, persisted in the nasopharynx 
after the local lesion had healed. 

Four patients with a salmonella gastroenteritis, 3 of them due to Sal- 
monella newington and one due to S. oranienberg, were treated with terra- 
mycin after failure to eliminate the organism from the feces with chloro- 
mycetin therapy. The patient with S. oranienberg had a lung abscess, and 
the organism was cultured from his sputum. The salmonella were elimi- 
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nated from the stools in each of the 4 patients and from the sputum in the 
patient with the lung abscess. One of the patients developed severe vomit- 
ing and diarrhea during the terramycin therapy; the others continued to 
have mild diarrhea. ; 

The three patients with aseptic meningitis showed a variable response. 
Only one of them appeared to improve promptly after terramycin was 
started. One patient with putrid empyema showed no effect from terra- 
mycin and died following thoracotomy and rib resection. 

Untoward Effects. The toxic effects attributable to terramycin therapy 
in these 87 patients are listed according to severity in TABLE 7. Gastro- 
intestinal symptoms were the only significant untoward effects. There 
were 5 patients who developed stomatitis. In 4 of them, it was quite severe 
and was associated with vomiting and diarrhea. A scarlatiniform rash 
was observed in 2 patients and cleared promptly after cessation of therapy. 
Among all of the 87 patients, 49 (or 56 per cent) showed some toxic effects, 
and, in 11 of these patients (or 13 per cent), the symptoms were sufficiently 
severe to require cessation of therapy. 


Summary and Conclusions 


Terramycin appeared to produce beneficial clinical results in about one- 
half of the patients with pneumococcal pneumonia and in most of the pa- 
tients with nonpneumococcal pneumonia or other simple respiratory infec- 
tions, but not in severe and mixed bronchopulmonary infections. Good 
results were obtained in about one-third of the patients with urinary tract 
infections. The clinical and bacteriological results in pertussis and in a 
small group of rather mild salmonella infections appeared to be very favor- 
able. 

Further careful and intensive clinical and bacteriological studies in a 
large group of patients will be needed to delineate the place of terramycin 
in. the treatment of infections. ; 


IN VITRO STUDIES ON TERRAMYCIN* 


By Thomas M. Gocke, George Gee Jackson, Clare Wilcox, 
and Maxwell Finland 


Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), Boston City 


Hospital, and the Department of Medicine, Harvard Medical School, Boston, M assachusetis 


_ The studies to be reported here were carried out as part of the general 
evaluation of terramycin in the treatment of certain human bacterial infec- 
tions. They are concerned with various aspects of the tests of sensitivity 
of bacteria to this.agent, the results of such tests carried out with recently 


‘isolated pathogenic strains, and attempts to produce strains that are resist- 


ant to terramycin in vitro. 

Effect of pH. Two laboratory strains, Streptococcus 98 and Klebsiella 
pneumoniae, strain T, were tested for sensitivity to terramycin in the media 
generally used in this laboratory, namely, beef heart infusion broth (Difco). 
The tests were carried out after adjusting the pH with phosphate buffers 
and NaOH stepwise through a range from 5.6 to 8.2. The inoculum was a 
10-4 dilution of a fresh, fully grown culture. Judging from the turbidity 
of the tubes after 24 hours’ incubation or from the growth obtained when 
subcultures were made at this time to antibiotic-free agar plates, there was 
no significant effect within this range of pH values on the endpoints of 
growth. 

Effect of Size of Inoculum. The same two strains were tested in broth 
at pH 7.2 and the inoculum was varied in 10-fold steps from 107 to 10-°. 
The size of the inoculum had only a slight effect, except that considerably 
higher concentrations were required to produce inhibition when the largest 
inoculum was used. The difference in the endpoint of inhibition with the 
different inocula was less for the strain of K. pneumoniae than for Strepio- 
coccus 98 and almost no difference was observed with inocula varying from 
10-2 to 10-4 when the readings of turbidity were made at 48 hours instead 
of 24 hours. 

When serial dilutions of the culture were used as a source of inoculum in 
the plate dilution method, there was essentially no difference in the end- 
points obtained with inocula ranging from 10~ to 10. 

Effect of Various Substances on the Antibacterial Action of Terramycin. 
The. following substances, which are known to inhibit either penicillin or 
streptomycin, were incorporated separately in the assay medium to test their 
effect on the action of terramycin: 

(1) glucose—M/100 to M/1000; 

(2) sodium chloride—M/2 to M/100; 

(3) cysteine hydrochloride—M/ 10 to M/1000; 

(4) glutamic acid—M_/20 to M/2000; 

(5) p-aminobenzoic acid—M/100 to M/800; 

(6) semicarbazide hydrochloride—M/ 100 to M/1000. 


* Aided by a grant from the United States Public Health Service. 
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the fourth group was placed in an incu 


terramycin solution freshly prepared each time. There was no loss of ac- 
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tivity in the deep freeze at 5° or 25° C. over a period of 21 days. At37°C., 
the first appreciable loss in activity was noted between the 17th and 21st 
day. In the deep freeze, no significant loss of activity occurred after 4 
months in a solution containing 1 mg. 

Comparison of Different Tests for Sensitivity. The rate of multiplication 
of several different strains of organisms in progressively decreasing concen- 
trations of terramycin was studied turbidimetrically in broth. A 10- dilu- 
tion of a fresh, fully grown culture was used. A family of curves was thus 
constructed for each organism and the different concentrations of terra- 
mycin. Results with one of the organisms, K. pneumoniae, strain T, are 
shown in FIGURE 1. 


It is seen that growth as represented by the decrease in the light trans- 


_ were then tested at intervals against the same strain and compared with a 


—_ 
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mission occurred at a progressively decreasing rate with increasing concen- 
_ trations of terramycin. It is also seen that the value chosen for sensitivity 
% of this strain based on these curves would depend on the time when the 
readings are made and also on whether partial or maximum inhibition of 
the growth is accepted as the endpoint. 

i _.A comparison of the values for the sensitivity of a few selected strains, as 
determined in this manner at different times, and also as determined by 
several other methods that are in common use, are shown in TABLE 1. The 
difference between the values for complete and partial inhibition of growth 


TABLE 1 
TERRAMYCIN SENSITIVITY OF SELECTED STRAINS AS DETERMINED BY VARIOUS METHODS 


Zz 


¥ | Shigella | Klebsiella Strepto- 
Salmoneila| S. para- 8 B. cereus nee, 
° dysen- eumo- ; coccus 
Methoa | ‘PM | typhosa,B | ie 7 ae t| No.5 No. 98 
Perec ee er Te | Pee Pele 
Turbidimetric, 4 | | : 
hours.........| 0.1] 0.8} <0.2| 0.2} 0.1| 0.4) 0.1) 0.4/ 0.025] 0.05/0.1) 0.1 
Turbidimetric, 8 
hours.........| 0.2] 0.8} <0.2| 1.6) 0.2] 0.8] 0.4) 1.6] 0.025] 0.1 0.1) 0.2 
; Turbidimetric, 20 
haus. | 0.4) 0-8) <0-21-1.6 0.2)-1.6 0.8) 1.6,'0.025) 0.1 10.2) 0.4. 
Tube dilution,* 24 ) 
Wows). 22...) 426) 3.1) 3-1) SA] 0.8). 1-6) 1.6)-6.3) 0.05 | 0-2 0.2)" 0:4 
Tube dilution, * 48 | | 
Paneee oe 34) 3.4) 3:4) 6.3) 1.6) 3.1|-3.1|-6.3; 0:2) 0.2 10-4)" 0.8 
24 Hour tube to 
platet..cse.e-| 1,6) 6.3| 3.1) 12.5) 1.6, 1.6 1.63.0 O20 BVOPTsO Ae wisek 
48 Hour tube to | | 
plate..........| 6.3/50 | 12.5) 12.5) 3.1) 3.1 6.3| 6.3} 0.2 | 0.2 (0.8) 6.3 
Plate dilution, 24 | | 
hoursf....---.| 9-190.| 3.1} 50 1.6|25 | 3.1) 3.1) 0.4 | 0.4 10.4; 100 
Plate dilution, 48 | 
hoursf........| 12.5/50 | 12.5/°50 | 3.125 | 3.1 3.1) 0.4 | 0.8 |0.4) 100 
Maximum/Mini- | | 
mum..........|128 (64 |>64 256 |32 [64 |64 (16 16 16 {8 |1028 
Maximum C/ | | | 
MinimumP....| 512 | >256 | 256 64 32 1028 


P & C = minimum concentration, in y/ml., giving partial and complete inhibition, respectively. 

* Inoculum 10. 

+ Inoculum 1 ml. loopful of undiluted culture. 2 , } 

t Subcultures to plain broth yielded growth from plates containing 200 +/ml. of all organisms except K. 
pneumoniae and Bacillus No. 5: 


varied with the strain of organism and with the method. For any given 
strain, there was a marked difference in the value of the sensitivity, depend- 
ing on the method and on whether partial or complete inhibition was chosen 
as the endpoints. The lowest values were obtained by the turbidimetric 
method in every instance, and the values obtained by the different methods 
increased with the duration of incubation. The largest values were ob- 
tained by the plate dilution method when growth was observed after 48 


hours. 
The difference between the maximum and minimum values for the partial 


the values for | ximum concentration rec 

are compared with the minimum values required for pa 
ratios for the different organisms ranged from 32 to 1028. For the 
convenience in carrying out large numbers of tests and because the 


thus obtained were subject to a minimum of fluctuations, the plate dilu- 4 


tion method was used routinely and the readings were made at 48 hours. 

This will explain the high values that are aur Shia 
Sensitivity of Pathogenic Bacteria. The résults of tests for sensitivity to 

terramycin performed by the plate dilution method on 327 strains of or- 


TABLE 2 
SENSITIVITY OF PATHOGENIC BACTERIA TO TERRAMYCIN in vitro 


Number of| Range of inhibiting concentrations ug./ml. 
Organism 7 strains 
= 5 tested Partial Complete 

Pneumococcus...........+-.-+-+ 35 0.1-3.1 (1.6)* 0.1-6.3 (6.3) 
Streptococcus, Group A........... 30 0.02-3.1 (0.4) 0.4-25 (1.6) 
Streptococcus viridans,........... 14 1.6-12.5 (6.3) 6.3-50 (25) 
Streptococcus, Groups B, C, D, F | 

RG, Se eon nee ~ 1.6-6.3 (1.6) 3.1-50 (25) 
Staphylococcus aureus..........-. 39F 0.1->800 (800) 3.1->800 (>800) 
Corynebacterium diphtheriae....... 24 0.4-1.6 (0.4) ~] 1.6-12.5. (1.6) 
Neisseria gonorrhoeae...........- 28 0.2-1.6 (0.4) 0.8-3.1 (1.6) 
Neisseria meningitidis............ 1 0.4 SOc 
Hemophilus pertussis............ 18 0.05-3.1 (0.05) 0.2-12.5 (0.4) 
Hemophilus influenzae........... 1 6.3 1239 
Salmonella typhi... 2... 5.0... 05- 3 0.8-1.6 1255 
Salmonella species.........2.-..2 4 4 1.6 1225 
higellanspecies sae. naa een cae 4 0.4-0.8 6.3-25 
OSChereChiG:GOlty <a eee: oe ee 28 | 1.6-50°@.1) 6.3-200 (25) 
Aerobacter aerogenes............-| 35 , 0.8-400 (6.3) 12.5-400 (50) 
Pseudomonas aeruginosa ........ 16 3.1-50 (25) 12.5-400 (100) 
Proteus vulgaris... o..00. 005s s: 22 0.8-800 (200) 25->800 (800) 


* (Mode.) 
+ Only 2 strains were coagulase negative; these grew profusely in 800 y/ml. 


ganisms are summarized in TABLE 2. These strains were obtained from 
patients who had not previously received terramycin. The range and the 
modal value for both partial and complete inhibiting concentrations of the 
strains of each species are shown. Of the strains tested, those of H. per- 
tussis were the most sensitive. The strains of V. gonorrhoeae and Coryne- 
bacterium diphtheriae were also highly susceptible. Gram-positive cocci were 
more sensitive than Gram-negative bacilli. Among the former, group A 
hemolytic streptococci.and pneumococci were the most sensitive. The 
widest range of values was for the strains of Staphylococcus aureus. Twelve 
of these strains were susceptible within the same range of concentrations 
as those required to inhibit streptococci, other than those of group A, while 
more than one-half of these strains grew profusely in 800 micrograms of 
terramycin per milliliter. All but 2 of the staphylococcal strains were 
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hemolytic and coagulase positive. The salmonellas and shigellas were the 
most sensitive of the Gram-negative bacilli. The order of increasing re- 
sistance of the remaining species of enteric organisms was: E. coli, A. aero- 
genes, Ps. aeruginosa, and P. vulgaris. 

Comparison with Other Antibiotics. Most of these strains were also tested 
with other antibiotics either simultaneously or at different times. Al- 
though most of the strains were similar in their sensitivity to aureomycin 
and terramycin, this was by no means a constant feature. There were in- 


dividual and independent variations in the sensitivity of the strains to terra- 


mycin and to all of the other antibiotics that were used in the tests. 
Development of Resistance in vitro. Attempts were made to increase the 


resistance of several strains of organisms to terramycin. Serial transfers 


were made from growths obtained on the surface of suitable agar plates 
containing serial 2-fold concentrations of terramycin. The subcultures were 
made, in each instance, from the highest concentrations on which good 
growth was observed to another similar series of plates. Most of the strains 
have been carried through 40 such transfers. In this manner, it has been 
possible to increase the resistance to terramycin from 4-fold to 64-fold in 
all but one of the 14 strains which were studied. 

The strains obtained after the 40th subculture in terramycin-containing 
media were then compared with the 40th parallel subculture of the parent 
strain which had been transferred on similar but antibiotic-free media. 
Each pair of organisms showed similar sensitivity to penicillin, neomycin, 
and chloromycetin. There was a slight apparent decrease in the sensitivity 
to aureomycin of almost all of the strains which had been transferred serially 
in terramycin-containing media as compared with the corresponding or- 
ganism, which had been similarly transferred in terramycin-free media. 
Further study is needed to determine the significance of this observation, 
particularly since the increase in resistance to aureomycin was small in 
each instance and was independent of the degree of increase in resistance 
of the strain to terramycin. 


Summary and Conclusions 


Terramycin hydrochloride was found to be fairly stable under ordinary 
clinical laboratory conditions. Sensitivity of organisms to terramycin is not 
affected by the pH of the medium at levels ranging from pH 5.6 to 8.2. A 
number of substances which are known to inhibit the action of penicillin 
or streptomycin have no significant effect on the action of terramycin. The 
size of the inoculum between 10-? and 10~ has only slight effect on the in- 
hibitory effect of terramycin after incubation for 48 hours but may signifi- 
cantly influence the results of sensitivity tests in which the incubation 
period is 24 hours or less. 

The numerical value of the sensitivity of any given strain to terramycin 
is greatly influenced by the method used. Turbidimetric methods requiring 
short incubation periods give the lowest values, while a surface plate dilu- 
tion method gives the highest values for the sensitivity of any given strain. 

The results of tests for sensitivity of a large number of strains of different 


THE EFFECT OF TERRAMYCIN ON POST-IRRADIATION 
INFECTION IN MICE 


By Carolyn W. Hammond and C. Phillip Miller 


The Department of Medicine and The Institute of Radiobiology and Biophysics, 
University of Chicago, Chicago, Illinois 


Infection is known to occur in man or animals exposed to lethal doses of 
ionizing radiation. It has been observed in experimental animals and was 
also noted in the casualties at Hiroshima and Nagasaki. The‘exact part 
infection plays in the radiation injury syndrome, however, has not been in- 
tensively investigated. The following experiments were undertaken to 
study the precise role of infection in irradiated mice. 

Male white mice from an inbred stock, maintained by the Maple Grove 
Rabbitry, were exposed to total body X radiation at the Argonne National 
Laboratory. Two series of animals were studied: one received 450 r and 
the other 600 r. The LD, at thirty days for this strain of mice was ap- 
proximately 400 r. Starting on the second day post-irradiation, 5 to 10 
animals were killed daily, autopsied under aseptic conditions, and aerobic 
and anaerobic cultures made of the heart’s blood and spleen. The data 
include only animals which were killed. Mice which died are excluded, as 
their cultures were invariably positive. In order to secure the desired 
number of daily cultures on mice which could be sacrificed, it was necessary 
to irradiate many groups of animals at different times. 

TABLE 1 presents the results of cultures on mice exposed to 600 r. Twenty 
mice were killed and cultured each post-irradiation day from the second 
through the fifteenth—a total of 280 out of 585 mice irradiated. The 
second column gives the daily mortality in per cent. During the second 
week, 50 per cent or more of the cultures were positive, and, from the eighth 
to the twelfth day, the period of greatest mortality, the incidence of positive 
cultures was 65 per cent. 

TABLE 2 shows the results on 1042 mice irradiated with 450 r. In this 
series, 35 mice were killed on each post-irradiation day, from the second 
through the seventeenth—a total of 595. The incidence of bacteremia was 
not quite so high in this series, but it did reach 53 and 47 per cent, respec- 
tively, during the last four days of the second week. : 

In order to rule out the possibility that our stock mice were harboring 
latent bacterial infections, cultures were made on 53 normal mice in the 
same manner as the irradiated animals. These cultures were all sterile. 
The kinds of bacteria which were recovered from the blood and spleen of 
irradiated mice and the percentages of cultures belonging to each genus are 
listed in TABLE 3. 

All Gram-negative rods were identified by inoculation into the following 
media: lactose, dextrose, sucrose, maltose, mannite, and xylose broths, 
Koser’s citrate, lead acetate, gelatin, and urea. Methyl Red and Voges- 
Prauskauer tests were made, and indol production was determined. Those 
organisms which gave biochemical reactions typical of Salmonella were 
typed with polyvalent anti-serum. No attempt was made to identify the 
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streptococci beyond the type of hemolysis produced and their ability to 
grow at 45°C. 


9, ete ian 


TABLE 1 


ResuLts oF BLoop AND SPLEEN CULTURES on Mice SuBJECTED TO 600 R ToTaL Bopy 
X RADIATION 


aa a ae 


| Blood and spleen| Spleen only 


Days after |Daily death rate gs “si AG Blood or spleen | 
irradiation 0 p Ce ae of | # pet rane f positive—Vo mice | 
2 0 i 0 5 
3 0.3 1 0 5 
4 0.5 0 0 0 
5 2.0 1 0 5 
6 4.0 9 0 45 
7 320 11 0 55 
8 6.0 10 0 50 
9 9.0 17 0 85 
10 7.0 12 0 60 
11 6.0. 15 0 75 
12 4.0 11 0 60 
13 3.0 8 1 45 
14 2.0 6 0 30 
15 0.6 3 | 3 30 
* Per cent of total number irradiated. 
TABLE 2 


RESULTS OF BLOOD AND SPLEEN CULTURES ON Mice SuBJECTED TO 450 R ToTAL Bopy 
X RADIATION 


Blood and spleen| Spleen only 
positive—no. of | positive—no. of 
mice mice 


Days after |Daily death rate* 


Blood or spleen 
irradiation % 


positive—Y%o mice 


No 


WOOO OADAWNOSO 


SCOCORPWRWARRRRENOOOSO 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


HKOWWFRWNHN PNR HHEAWUONW 
wn 
rs 


1 
0 
1 
0 
4 
3 
8 
4 
15 
15 
15 
13 
12 
8 
10 
3 
5 


w 
n 
— 


* Per cent of total number irradiated. 
¢ One anaerobe. 


The bacteria which were cultured from the blood and spleen of the ir- 
radiated animals were all found to be normal inhabitants of the lower bowel 
of our stock mice. It is clear, therefore, that the large intestine is the reser- 


the other ! injury are most 


view of infection, 
factor, because it indicates the severity of damage to the animal’s cellular 
defense mechanism. —_ 


Of the positive cultures, 91 per cent were pure cultures and the remaining 
= _9 per cent showed only two species of organisms. That a severe septicemia 
~ had developed in a majority of the mice was evident from colony counts on — : 
cultures seeded with a single drop of blood. Seventy per cent of all posi- 
tive cultures contained more than 50 colonies per drop of blood. Innumer- 
_ able colonies appeared in 37 per cent of cultures in the 600 r series and in 
_ 20 per cent in the 450 r series. : 
4 TABLE 3 
ORGANISMS PRESENT IN Positive CuLTuRES oF IRRADIATED MICE 


= 4 Organisms % 


Se 


RCRA Fa OTE oe E> BE OE CE SOOO RST DO EES 42 
(FSS <2 Se 6 ee od Bara Sore oe sere Ae Ie kc oe ere te 22 
LESTE TIS Sy oo he ORE GREE Nee eae ae 9 
ESTE PEOGOGOUS © 8 wae wm cin ne me ecm nls nities Ha Es ole 
Unidentified Gram-negative rod........-...---2-0-+5--+5- 

PETA CLO CS RN ee oe i ree nics epee teenies cies = 0.3 


» ONO 


It is evident from the foregoing results that, in irradiated mice, intestinal 
bacteria are able to penetrate the damaged mucosa and gain entrance into 
the blood stream, where they multiply and produce fatal septicemia be- 
cause the animal’s defense mechanism against infection is no longer func- 
tioning. 

Consequently, an attempt was made to control the septicemia by the ad- 
ministration of antibiotics which were known to be effective against the 
type of organisms involved. It seemed possible that those animals whose 
hematopoietic system had not been irreparably damaged could be protected 
until regeneration had begun to restore the cellular defense mechanism 
against infection. 

The first drug tried was streptomycin. The animals were given strepto- 
mycin subcutaneously daily for a twenty-four-day period. As can be seen 
in TABLE 4, 78 per cent of the controls died, whereas only 17 per cent of the 
treated animals died. The protective effect of streptomycin was marked, 
but the daily subcutaneous treatments subjected the mice to additional 
stress; for irradiated mice are sick animals and are unusually susceptible 
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to.any kind of trauma. It was thought, therefore, that the therapy: might 
be improved if a suitable antibiotic could be incorporated into their food. 


Aureomycin, chloramphenicol, and terramycin, which are all effective by — 


mouth, were tried as they became available. This mode of administration 
is not without its disadvantages, because the mice lose their.appetites and 
eat less at the time they are most in need of medication. 

_ The first experiments with terramycin were performed with the sodium 
salt, which was administered subcutaneously for a twenty-four-day period. . 


TABLE 4 > 
EFrrect or ANTIBIOTIC THERAPY ON THE MORTALITY OF TRRADIATED MICE 


| 
%o 
D Route of Dose* Duration | Animals |Amount| Dead 
rs administration ose” lof therapy| irradiated of X-ray . 30 
ays 
Streptomycin subcutaneous 6000 24 days | 88(MG)t | 450r 17 
Controls = — — 88 450 78 
Terramycin Na |subcutaneous 0.5 mg. 24 days | 20 (MG) 450 r 75 
salt 
Controls = ee — 20 450 100 
Terramycin HCl! in food 10.0 mg. | 24 days | 31 (MG) 450 r | 32 
Controls == — — 31 450 61 
{Terramycin HC] |in food 7.0 mg. 24 days | 16 (MG) 450 r 25 
\ Streptomycin subcutaneous 6000 + 13 days 
Controls = aaa _ 16 450 93 
Streptomycin subcutaneous 6000 + 19 days | 37 (CF))t 550 r 16 
Controls = -— = 39 550 92 
Terramycin HCl |in food 7.0 mg. 23 days | 33 (CF) 550 r 81 
Combiotic in food | 
polymyxin | 1.0 mg. 20 days | . 
streptomycin | 12.5 mg. | 
bacitracin 150 units 
Streptomycin subcutaneous | 6000 y 20 days | | 
Controls | = | <= = 34 | 550 100 


* Doses in food given as mg. or units per gram of food. 
+ Maple Grove Mice. 
t Carworth Mice CFI. 


Although the drug was found to be irritating by this route, the results shown 
in TABLE 4 indicate that there was some protective effect. 

The hydrochloride was subsequently obtained and was incorporated into 
the animals’ food. The dose of drug by this route is admittedly imexact, 
but such administration was necessary to avoid the traumatizing effect of 
feeding by stomach tube. TaBLE 4 shows the results of an experiment in 
which the animals received 10.0 mg. of terramycin hydrochloride per gram 
of food. This amount probably approached the limits of the tolerated dose, 
but protection was evident. 


The most satisfactory results with terramycin to date have been ob- 


> | 
| 
: 
% 


ng it with streptomycin. Terramycin hydrochloride was _ 
‘or a period of twenty-four days, while streptomycin was 
subcutaneously daily for thirteen days. As indicated in TABLE 
; thirty days was 25 per cent for the treated mice and 93 
_ per cent for the controls. At the time streptomycin was stopped, only 12 
_ per cent of the treated animals had died, as compared with 87 per cent of 
4 the controls. Four days later, however, two additional treated animals 
_ died. The continued administration of streptomycin together with terra- 
_ -mycin might have resulted in a more favorable survival rate than that 
which was obtained with streptomycin alone. 
: Recently, Pseudomonas and Proteus have become the most common causes 
- of fatal infections in our irradiated mice. These infections are difficult to 
control, since none of the antibiotics except polymyxin and streptomycin 
affect them. Polymyxin has proved to be toxic for the animals. Strepto- 
mycin has not been successful in combating these infections because of the 
rapidity with which organisms become resistant to the drug. When one 
of these strains, particularly Pseudomonas, establishes itself in either a 
treated or a control cage of mice, the mortality rate increases rapidly in 
spite of any therapy which has been tried. 

Several months ago, these experiments were repeated on Carworth CF 
mice. This strain is more resistant to X ray, the LDso being approximately 
550 r. That they respond to streptomycin in much the same manner as 
the Maple Grove strain is indicated by the experiment shown in TABLE 4. 
These animals received 550 r total body irradiation. The treated group 
was given streptomycin subcutaneously for a nineteen-day period, while the 
controls received subcutaneous injections of saline for the same length of 
time. Pseudomonas was not found in any of the mice autopsied in this 
group. 

The last experiment listed in TABLE 4 presents the results of an experi- 
ment on Carworth CFI mice which received terramycin hydrochloride in 
their food from the first day post-irradiation through the twenty-third. 
On the fourth day after irradiation, Combiotic, which contains polymyxin, 
streptomycin, and bacitracin, was added to the food. It was hoped that this 
supplementary therapy might prevent the development of Pseudomonas in- 
fections. 

Autopsy cultures were made from as many mice as could be secured im- 
mediately after death. From these data, it was learned that Pseudomonas 
had become established in both the control and treated groups. Conse- 
quently, 6,000 gamma of streptomycin were administered subcutaneously 
on the tenth and eleventh post-irradiation days. In spite of the combined 
therapy, the animals continued to die of Pseudomonas infections. 

Summary. Cultures of heart’s blood and spleen of mice subjected toa 
single dose of X radiation showed a high incidence of bacteremia during 
the second week, the period of greatest mortality. The septicemia was 
caused by microorganisms normally present in the lower bowel of our stock 
mice. Ina majority of animals, the infection was severe enough to be re- 


garded as an overwhelming sepsis. 
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THE TUBERCULOSTATIC ACTION OF TERRAMYCIN IN VITRO | 
= AND IN THE EXPERIMENTAL ANIMAL* 


By W. Steenken, Jr. and E. Wolinsky 


The Trudeau Laboratory of the Trudeau Foundation for the Clinical and Experimental Study 
of Pulmonary Disease, Trudeau, New York 


Since the discovery of streptomycin, investigators have gathered a con- 
siderable body of knowledge regarding the therapeutic effect of this agent in 
certain types of experimental and clinical tuberculosis and the limitations of 
its use when the tubercle bacillus becomes resistant to the drug. Efforts 
are now being directed toward the search for an agent that may be used in 


- combination with streptomycin to delay the emergence of streptomycin- 


resistant organisms, or that may prove to be highly active against such re- 
sistant strains. One such combination, which is finding a place in therapy, 
is the simultaneous use of streptomycin and PAS. 

In this report, we are presenting some preliminary data on terramycin,!~* 
with emphasis on its im vitro and in vivo activity upon streptomycin-resistant 
tubercle bacilli, together with a comparison of its activity with other agents 
that are being used both experimentally and clinically in tuberculosis. 


Growth Inhibitory Effect in vitro 


The in vitro activity of terramycint against the H37 Rv microorganisms 
was tested in three types of liquid medium, Tween-albumin, Proskauer and 
Beck’s synthetic medium, and the latter medium with 10 per cent beef 
serum. The inoculum into each tube was 0.1 cc. of a 10-day culture of the 
microorganisms in Tween-albumin medium. 

It may be seen from TABLES 1 and 2 that 5 to 10 ug. of terramycin per cc. 
of liquid medium was sufficient to inhibit the growth of the H37 Rv micro- 
organisms in both the Tween-albumin and the plain synthetic medium. 
The streptomycin-resistant strain was equally as sensitive to terramycin as 
the streptomycin-sensitive strain. The presence of serum in the medium 
interfered somewhat with the activity of the drug. The sodium salt ap- 
peared to be slightly less active in vitro than the terramycin ‘“‘base.” 

Attempts are being made to produce terramycin-resistant microorganisms 
by serial transfer of the H37 Rv strain in Tween-albumin medium containing 
terramycin. After five transfers at 10-day intervals, there was no increase 
in resistance. Comparable treatment in streptomycin-containing medium 
would produce a culture of high resistance to streptomycin after five trans- 


fers. 


Effect on Experimental T uberculosis in Guinea Pigs 


Ist Experiment. Seventy-three tuberculin-negative guinea pigs weighing 
between 500 and 800 grams were infected subcutaneously with 0.13 mg. (dry 


wt.) of H37 Rv streptomycin-sensitive microorganisms. An additional 38 
* This study was aided by a grant from the ei sae of Research Grants and Fellowships of the National 

Institutes of Health, United States Public Health Service. 

Pe reemmycié used in this study was kindly supplied by Chas. Pfizer & Co., Inc., Brooklyn, New York. 
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The animals were eer and pete as follows: ; : 
Grovup-1. Fourteen animals were infected with H37 Rv streptor 
sensitive organisms. Each guinea pig received 10,000 yg. of strepton 

intramuscularly once daily. No local or sees toxicity was noted. 


Group 2. Of 28 animals, half were infected with H37 Rv streptomycin- 
sensitive and half with H37 Rv streptomycin-resistant microorganisms. 


TABLE 1 
f n vitro TyuisBitinc ACTION OF TERRAMYCIN ON B37 Rv Microoncasisus* 


Minimal inhib. conc. in pg./cc 
Microorganism M sabes 


10 days | 14 days | 21 days 
Hiy RY ons OSM Tweetcalb. re We Ga ee 
eas neh P&B 5.0 5.0 10 
P & B with serum SU) 20-100 20-100 
H37 Rv resis. to SM Tween-alb. 1.0 5.0 10 


* Terramycin “‘base’—Lot R407-1571. 990 ug. per mg. 


TABLE 2 
In vitro Innterrinc ACTION OF TERRAMYCIN ON H37 Rv MicrooRGANISMS* 
Minimal inhib. conc. in pg./cc 
Microorganism Medium SSS 
= 10 days | 14 days | 21 days — 
H37 Rv. sens. to SM Tween-alb. 5.0 10 20-100 
P&B 5.0 10 20-100 
P & B with serum 2.0) 20-100 | 20-100 
H37 Rv resis. to SM Tween-alb. 5.0 10 20-100 


* Terramycin sodium pH 8.5—Lot 9M-35. 940 ug. per mg. 


All were treated with terramycin. Both the sodium salt* and the ampho- 
teric form} were used, and the dosage was changed several times when it 
became apparent that the drug was producing severe toxic effects. The 
final dosage was 20,000 ug. orally once daily of terramycin, amphoteric. 
Terramycin proved to be highly toxic for guinea pigs when administered 
either intramuscularly or by mouth. The drug produced marked weight 
loss and a bloating of the lower abdomens, due to dilatation of the gut in 
the caecal region. When the experiment was terminated, all 14 of the 
animals infected with H37 Rv streptomycin-sensitive organisms had died 
(12 definitely of drug toxicity). Of the 14 infected with the H37 Rv strepto- 
mycin-resistant organisms, only 5 remained alive. 


* Lot 412-224-1, 885 pg. per mg. 
t Lot N-509022. 
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viomycin.* Seven ar : 
: aa daily, and f received 40,000 yg. — 

a dake uae e. There were no toxic effects from this dosage:. 
ther group infected with streptomycin-sensitive microorganisms was 
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y once 


continued on treatment with viomycin for a longer period of time, and the 


results will be reported in a later publication. 


_ Group 4. Twenty animals were infected with H37 Rv streptomycin- 
‘sensitive microorganisms and treated with powdered PAS} by mouth. 


Ten guinea pigs received 130 mg. of PAS once a day and 10 received 130 
mg. twice a day. The drug was dispensed in gelatin capsules which were 


inserted into the pharynx. The average blood levels of PAS obtained in 


3 guinea pigs given one capsule of 130 mg. twice a day for 3 days were as 
follows: -- 

1 hr. after last dose: 1.0 mg. per cent 

4 hr. after last dose: 0.5 mg. per cent 

7 hr. after last dose: 0.3 mg. per cent 

The animals in this group lost weight during the first two weeks of treat- 
ment, but they gained normally thereafter. 

GROUP 5. Fifteen animals were infected with H37 Rv streptomycin- 
sensitive microorganisms and treated with Tibionef by mouth. For the 
first 21 days, each pig received 32 mg. twice a day, and, for the next 27 days, 
45 mg. twice a day. This group of guinea pigs did not gain weight, but 
none of the animals died of drug toxicity. 

Group 6. Untreated controls. Ten animals were infected with H37 Rv 
streptomycin-sensitive microorganisms and 10 infected with H37 Rv strep- 
tomycin-resistant microorganisms. 

Results. The results of this experiment are detailed in FicuRES 1 to S. 
It will be observed that terramycin and viomycin markedly retarded the 
progression of the tuberculous infection in the guinea pigs produced by 
streptomycin-sensitive and -resistant tubercle bacilli. It is evident, also, 
that both these agents, when administered in maximum tolerated doses, 
are more effective than PAS, Tibione, aureomycin, and NF, also given to 
the limit of toxicity. NF (5-nitrofurfural thiosemicarbazone) was included 
in the figures as an example of a drug which showed antituberculous activity 
in vitro and yet which had no effect upon a tuberculous infection in the: 
animal body. Aureomycin was included by interpolating the results from. 
another experiment. Although aureomycin has in vitro activity comparable 
to terramycin and viomycin,® it has relatively little effect im vivo. 

2nd Experiment. In order to confirm and extend this experience with 
terramycin, another 30 guinea pigs weighing between 600 and 800 grams 
were infected intraperitoneally with 0.1 mg. dry wt. of the H37 Rv strep- 
tomycin-resistant microorganisms. Ten animals remained untreated. The 
other 20 were started on treatment with terramycin two days after infection. 
Half of these guinea pigs were given the drug in solution orally, and the 


* Viomycin Lot 430-144A, potency 760 ug. per mg. was kindly supplied by Chas. Pfizer & Co., Inc., Brook- 


lyn, New York. 
+ PAS was kindly supplied by Merck & Company, Rahway, New Jersey. : ; 
$ Tibione powder, Lot X-BI-Sr 122049, 4-acetylaminobenzal thiosemicarbazone was kindly supplied by 


Schenley Laboratories, Inc., New York, N. 
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Ficure 1. yeaah of antituberculous effect of various agents in guinea pigs. Each organ (lungs, 
liver, spleen, and lymph nodes) was assigned a value of from 0 to 4+- according to the amount of gross tuber- 
culous disease, the rating of 4 indicating maximum involvement. Maximum total index is 16. 

C—controls; S-SM—sensitive to streptomycin; R-SM—resistant to streptomycin; NF—S-nitrofurfural 
thiosemicarbazone; AU—aureomycin; P PAS—p-amincsnlicylic acid; TB 1—Tibione (4-acetylaminobenzal 
thiosemicarbazone); TM—terramycin; V—viomycin; SM-—streptomycin. 


similar to that noted in the first experiment, became obvious in about two 
weeks. The oral administration seemed to produce more toxicity than 
the intramuscular. After 14 days, the amphoteric form of terramycin (2.5 
mg. once daily) was substituted for the sodium salt for oral administra- 
tion. 

Twenty-six days after infection, the animals were sacrificed as follows: 
(1) controls—4 sacrificed and 5 allowed to continue (one animal died on the 


* The same batches of terramycin sodium salt and amphoteric form were used as in the ist experiment. 
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Ficure 2. Comparison of antituberculous effect of various agents in guinea pigs. See explanation 
under FIGURE 1. ; 


culous disease found in the animals killed at this time is shown in FIGURE 6. 
The results again showed that terramycin retarded the progress of the dis- 
ease in the treated animals. The guinea pigs treated intramuscularly ex- 
hibited slightly less disease than those treated by mouth. After a single 
dose of 5 mg. of the sodium salt intramuscularly in guinea pigs, the peak 
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Ficure 3, Comparison of antituberculous effect of various agents in guinea pigs. See explanation 
under FIGURE 1. z 
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As in the first experiment, the total index of tuberculosis of the terra- 
mycin-treated animals was about 40 per cent of the index exhibited by the 
untreated controls. 


Effect on Experimental Tuberculosis in Mice 


The action of terramycin in experimental murine tuberculosis was also 
tested. Thirty-four mice, 17 to 20 gm. in weight, of the Rockland Farms C 
57 black strain, were infected intravenously with 0.1 mg. (dry wt.) of H37 
Rv streptomycin-resistant microorganisms. On the next day, 19 mice were 
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Ficure 4. Comparison of antituberculous effect of various agents in guinea pigs. See explanation 
under FIGURE 1. 
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with 5 mg. of the amphoteric form of terramycin subcutaneously once daily. 
On this regimen, no further drug toxicity was noted. 

The first death among the controls occurred on the 14th day. One mouse 
died on each of the 17th, 18th, 19th, and 20th days. Three died on the 21st 
day, 3 on the 22nd, and one on the 25th. The mortality by the 28th day 
was 80 per cent. 

Among the’treated animals, the first death (aside from the 9 mice that 
died early of drug toxicity) occurred on the 19th day. One each died on the 
2ist, 23rd, and 27th days. The mortality by the 28th day was 40 per 


cent. 
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All survivors were killed on the 28th day after infection. The untreated 
mice sacrificed at this time, as well as all those that had died previously, in- 
variably exhibited large tuberculous areas occupying most of the lung tissue, 
greatly enlarged spleens, and very many acid-fast bacilli in smears of the 
lung and spleen. On the basis of zero to four plus, according to the amount 
of gross disease in the lungs (four plus representing at least 80 per cent of 
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Ficure 5. Comparison of antitu * : : ‘ . 
andes Moca Pp tuberculous effect of various agents in guinea pigs. See explanation 


the lung tissue involved, and one plus, a few scattered tiny areas of disease) 
the average amount of disease in the controls was 3.5 plus. 

The mice treated with terramycin showed a distinctly different picture. 
The lungs of the mice that died early showed only a few scattered tiny gray 
areas, none over one plus, and the spleens were either normal in size or only 
slightly enlarged. Smears of the lungs and spleens revealed many acid- 
fast bacilli, although not so numerous as in the controls. The 6 treated 
mice killed on the 28th day exhibited an average involvement of the lungs 
of 0.9 plus. Four of the 6 had spleens that were either normal in size or 


only slightly enlarged. All but one showed very many acid-fast bacilli in 
smears of the lungs and spleen. 
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Errect OF TERRAMYCIN IN EXPERIMENTAL Mouse TUBERCULOSIS 
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‘ No. of mice |28-Day mortality lungs* 
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mice produced by streptomycin-resistant human tubercle bacilli. Ter- 
ramycin proved to be highly toxic for guinea pigs, producing loss of weight 
and bloating of the abdomen in daily doses as low as 2.5 mg. If these 
animals could have tolerated more of the drug, the beneficial effect might 


have been greater. 
In comparing the a 
given in maximum tolerate 


ntituberculous activity of terramycin with other drugs 
d doses to guinea pigs, the drug proved to be more 
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effective than aureomycin, PAS, or Tibione, but less effective than viomycin 

and streptomycin. - 
The minimal inhibitory concentration of terramycin for the H37 Rv strain 


of streptomycin-sensitive and streptomycin-resistant tubercle bacilli in liquid 
medium was 5 to 10 wg per cc. No increase in resistance to terramycin was 


exhibited by H37 Rv microorganisms after five transfers in T ween-albumin 
medium containing the drug. a 
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_ TERRAMYCIN IN PERITONITIS: EXPERIMENTAL 
AND CLINICAL - ie Atiies 


_ By George H. Yeager, Arlie R. Mansberger, Jr., Clyde D. Thomas, Jr., 


and Thomas G. Barnes 


Department of Surgery, University of Maryland School of Medicine and 
the University Hospital, Baltimore, Maryland 


The effectiveness of terramycin* in a mixed type of peritonitis has been 
studied in a series of experimental observations on dogs. In order to 
develop a base line for comparison, similar and paralleling studies were 


_ also made with penicillin, streptomycin, aureomycin, and chloramphenicol. 


Two series of studies were made. Experimental peritonitis was produced 
in both series by crushing and ligating the caecum after isolating its blood 
supply.! Supplemental removal of the spleen and omentum was performed 
in one series.” 

Following the operative procedure, 50 cc. of castor oil was instilled into 
each animal by gastric tube. The dogs selected were mongrels weighing 
from 15 to 20 pounds. No specific supportive postoperative therapy was 
rendered. 

Each animal received 25 mg. of terramycin per kilo body weight every’ 
six hours, following an initial dose of 50 mg. per kilo body weight. Therapy 
was started 24 hours postoperatively. All animals were autopsied immedi- 
ately after death or when sacrificed. The character and type of peritonitis 
in each animal was studied, and bacteriological cultures were made from the 
peritoneal fluid. Terramycin blood levels were determined on each animal 
on the last day of therapy. 

In the first series of ten animals studied, and in which the spleen and 
omentum were not removed, all animals treated with terramycin survived 
for a period of fourteen days and were then sacrificed. With aureomycin, 
one animal failed to survive, and, with chloramphenicol, two failed to survive 
(TABLE 1).3: 4 

Autopsy showed that all animals either had developed a localized peri- 
tonitis or were attempting to localize. Although there was no gross evi- 
dence of a generalized peritonitis, one positive culture was obtained from 
the general peritoneal cavity. This was a pure culture of E.cherichia colt. 
There was a total of twenty-one positive bacteriological cultures from the 
areas of localized peritonitis (TABLE Ze 

In the second series, in addition to operating on the caecum, the spleen 
and omentum were removed. All animals survived the period of observation 
and were then sacrificed (TABLE 3). In a similar study with aureomycin, 
all of the animals survived, and, with chloramphenicol, one was lost. One 
animal treated with terramycin showed gross evidence of a generalized 
peritonitis and also a localized abscess. Escherichia coli was cultured from 
the general peritoneal cavity of this dog. All other animals showed a 
localized peritonitis (TABLE 4). 

*Terramycin used in this study was supplied by Charles Pfizer & Co., Inc., Antibiotic Division, 
Brooklyn, N. Y 
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TABLE 1 
COMPARISON OF THE SURVIVAL RATE IN THE TREATED AND UNTREATED ANIMALS 


2-Day 4-Day 8-Day 14-Day 


No. dogs survivals | survivals | survivals | survivals 
Controls. . crete 10 8 6 4 2 
Streptomycin. . ne eG Ok: LOP 10 8 6 6 
AMreOMyCIN aes ete ele 10 10 10 10 9 
Chloromycetin.. A ence 10 10 9 8 8 
Terrance... eacsss. ot hase 10 10 10 10 10 
TABLE 2 
INcWENCE OF BACTERIA CULTURES FROM PERITONEAL EXxuDATE OF DoGs WITH 


EXPERIMENTAL PERITONITIS 


Strepto- | Aureo- | Chloro- | Terra- 


Organism Incidence Coasts mycin mycin | mycetin | mycin 

10 dogs | 10 dogs | 10 dogs | 10 dogs | 10 dogs 
pee aen ET GAN Maas: cot, ES) 5 8 4 10 6 
Gamma Reagp ecru 4 5 3 3 6 
Proteus. . 4 2 8 2 8 
Clostridia perfringes. . 5 3 1 i] 2 
- Staphyloccus albus. . 4 0 0 1 0 
Streptococcus viridans. . 0 2 0 5 0 
Beta hemolytic streptococcus... 1 2 0 5 0 
Staphylococcus aureus. 2 0 0 0 0 

TABLE 3 


COMPARISON OF THE SURVIVAL RATE IN THE TREATED AND UNTREATED ANIMALS 
IN EXPERIMENTAL PERITONITIS 


Ist | 2nd | 3rd | 4th 5th Oth | 7th 
Group day | day | day | day | day | day | day 
Control n.d sees o nee eee 5 5 4 A 3 3 a 
StrepLomy Cini stk 10 teenie 5 4 4 4 + 4 
Penicillin®... Stas sera o tere ere ad eae 5 5 5 5 5 
Aureomycinys sued. ote ee ee ere N) | > ) 5 5 3 5 
Chioromycetins sn... ose ie 5 5 Si lee eee 4 4 
Texramy Cian ck. eae ct eee te 5 | 5 5 | 5 | 5 5 5 
TABLE 4 
Post-MortTEM PERITONEAL FINDINGS 
= — — — a — 
Animals not ivi : Pe 
| pies desk a! | Animals surviving 7 days 
Group a : —_ os ee 
Diffuse | Local Diffuse Local 
peritonitis abscess peritonitis abscess 
Controlies 3.5/0. aks Noe vw) 0 3 0 . 
SUKeptOMyeMl.. c.g te nie 1 0 1 3 
enicillinin. Sapna 0 0 2 3 
Aureomycin..........0.0e0+- 0 0 | 2 3 
@hloromyCcetinis... «se aareeer 1 0 4 0 
SDSGLATAY CLD iu... auekenseeneene 0 0 1 4 
1 


| Terr 1 is now being studied clinically, as an adjunct to _ 
é gical treatment of septic peritonitis. Primarily, successful manage- 
_ ment depends upon early diagnosis and prompt surgical intervention. 
‘ _ Statistical information has shown, however, that the mortality and morbidity 
_ of acute secondary peritonitis has been reduced further by the supplemental 
a. use of penicillin and sulfadiazine, either alone or in combination. The 
exact role and comparative value of the newer antibiotics remains to be 
_ determined. A small series of patients treated with aureomycin has been 
~ reported elsewhere. The series of patients treated with terramycin is too 
- small for effective comparison. A typical case is summarized. 


Ut 


TABLE 5 


ORGANISMS CULTURED FROM PERITONEAL ExUDATE OF TREATED 
AND UNTREATED ANIMALS 


Con- | Strepto- | Penicil-| Aureo- | Chloro- | Terra- 


F j ; : : 

p Organism trol | mycin lin mycin | mycetin | mycin 

Streptococcus hemolyticus........| 3 0 1 2 1 0 

a Streptococcus non-hemolyticus.... 5 0 0 0 3 3 

' Streptococcus viridans.......--. 0 4 0 0 0 0 

b Escherichia coli../......+-++++- 4 if 5 i 3 3 

: Staphylococcus albus......----- 2 3 1 0 2 0 

g Clostridia group..:...-.-------| 35 3 1 0 4 il 
Proteus vulgaris........---....| 2 0 0 4 2 4 

E Streptococcus faecalis*..........| 2 0 0 4 0 

; Gram-negative rod anerobe.. .. . 1 0 0 0 0 0 

* Not identified as a separate organism in the terramycin study. 

D. L. No. 34835—colored female, aged 30, admitted to the University 


Hospital complaining of abdominal pain, nausea, and vomiting of five hours’ 
duration. ‘The onset was in the epigastrium, with localization into the right 
lower quadrant. Vomiting had been unusually severe. Admission exami- 
nation revealed a temperature of 100.2°F.; pulse, 100; respiration, 24; 
leukocyte count, 10,500. The abdomen was not distended. There was 
extreme tenderness in the right lower abdominal quadrant, with muscle 
spasm and rebound tenderness. 

At operation under spinal anesthesia, a suppurative, perforated appendix 
was found. There was an extensive peritoneal reaction with free fluid in 
the peritoneal cavity. The appendix was removed. Drainage was estab- 
lished. Bacteriological cultures subsequently revealed Escherichia coli and 
Gamma streptococcus. - Postoperatively, she was given 3 gm. of terramycin, 
followed by 500 mg. every four hours for seven days. Her postoperative 
course was most uneventful. Her maximum temperature reaction was 
102°F. After the fifth postoperative day, when the drains were removed, 
her temperature remained normal. She was discharged from the hospital 


eight days postoperatively (FIGURE 1). 
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Five additional patients with septic peritonitis secondary to appendicitis 
have shown the same basic postoperative course. Postoperatively, each 


patient seemed to be remarkably free of evidence of sepsis or peritoneal 
irritation. 
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FrcurRE 1. 
Summary. (1) Experimental peritonitis has been produced in a series of 
dogs in an attempt to determine the protective significance of terramycin. 


(2) Clinical applicability of terramycin in the treatment of mixed type of 
peritonitis is being studied. 
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EFFECTS OF TERRAMYCIN ON FECAL FLORA 


By Hinton J. Baker, Mgaj., M. C. and Edwin J. Pulaski, Lt. Col., M. C. 


Surgical Research Unit, Brooke Army Hospital, Brooke Army Medical Center, 
Fort Sam Houston, Texas 


Known excretion of large amounts of orally administered terramycin in 
the feces! in active forms suggests that this new antibiotic might be a useful 
intestinal antiseptic. The purpose of our study has been to investigate the 
effects of terramycin on bowel flora. The results obtained to date form the 
basis of this presentation. 

We have confirmed the observations of others’~* that many of the common 
fecal bacteria are very susceptible im vilro to terramycin (TABLE 1). Gram- 
positive cocci and anaerobic Gram-positive bacilli are inhibited by 1 ug./ml. 
or less; Gram-negative bacilli are inhibited by 4 ug. or less, with the exception 
of occasional strains of A. aerogenes and many strains of Pseudomonas and 
Proteus. Pseudomonas is generally moderately resistant, and Proteus is 
frequently highly resistant to the drug. 

Studies in animals and in man have been conducted using essentially the 
same technique as we employed for prior investigations of streptomycin, 
polymyxin, aureomycin, and chloromycetin activity in the bowel.4 Known 
volumes of freshly passed stool are diluted in beef extract broth, and 0.1 
ml. of each dilution is plated on eosin methylene blue and sodium azide agar 
plates. One set of each is incubated aerobically and a second sodium azide 
plate is incubated anaerobically. Colony counts are made after 24 hours’ 
incubation for each genus present. Plates showing no growth at the end of 
24 hours are reincubated and examined again for growth at the end of 48 
hours. The genera are designated as “eliminated” if no organisms of that 
genus are detected in at least two.consecutive cultures until the antibiotic 
is discontinued. ‘‘Suppression” is meant to convey progressively diminish- 
ing numbers of bacterial colonies until the cessation of therapy. ‘‘Increase”’ 
means significantly more colonies grown during than before administration 
of the drug. 

The bacterial flora of the feces of 11 patients with surgical septic con- 
ditions but presumably uncompromised gastrointestinal tracts were studied 
while they were receiving terramycin therapy. Following a priming dose 
of 2 gm., terramycin was given in a dosage of 0.5 gm. with milk or food 
every 6 hours for 5 days. Cultures of the stool were made before, during, 
and two or more days after the course of therapy. The results of the study 
are listed in TABLE 2. E. coli and A. aerogenes were rapidly eliminated in 
all of the 11 cases but one, whose organisms persisted up to, but not in- 
cluding, the last day of therapy. Streptococci were eliminated in 6 of 11 
cases, suppressed in 2 others, and unchanged in the remaining 3. Staphy- 
lococci were eliminated in but two of the 11 cases, suppressed in 3 others, 
and unaffected in 6. Proteus, which we did not detect in any of the pre- 
treatment stools, appeared in large numbers during therapy in all cases and 
persisted during the period of observation. 
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Number strains range ng/ml | 
Oct 2 es 0.5 
Clostridia . s 3) 0.25 0.25 
my gh ee 
erobacter . 0.4-250 4 
Klebsiella. " 5 2-4 2 
Salmonella 25 1-4 2 
Shigella... 4 0.06-30 4 
Pseudomonas 8 8-30 15 
Proteus... NS) 0.5->500 125 
? TABLE 2 
EFFECT OF ORAL TERRAMYCIN (0.5 Gm Q6H) on Fecat BACTERIA 
: - 
Case ie _ | Streptococcus E. coli A. aerogenes Proteus 
1 J — 0 0 t 
2 — a 0 ‘i 
8 = 0 0 T 
4 = — 0 tT 
oe, or Re a 
i 
7 L | 0 0 4 
8 — 0 0 i 
9 = | 0) 0 
10 0 0 0 0 t 
il — 0 0 i) 


| = suppressed; 0 = eliminated; | = increased; — = unchanged. 


The sensitivities of the coliform organisms in this case were 4 to 16 ug. 
per ml. It was of considerable interest to us that such highly susceptible 
organisms should persist +n the bowel for 3 days in the presence of such 
high concentrations of terramycin. The serial tube dilution technique was 
employed. Results of this investigation are shown in FIGURE 2. The ordi- 
nates in these 2 graphs represent the numbers of E. coli surviving in different 
concentrations’ of terramycin after 24 hours’ incubation. The size of in- 
oculum is represented by the horizontal line through the graphs. The upper 
of the 2 graphs shows the suppression of E. colt obtained with terramycin 
when the inoculum was 30,000 organisms per milliliter. While no turbidity 


arent culture, that is, 4 yg. per ml. The findings suggest 
tiv small numbers of Fetes are treated, teramyein ac 


400 1600 = 640 
MCGM/ML MCGM/ML 


—— 


| (500) 


$-8tr 


STARTED STOPPED 


FOOAe RO OO BMV SEa-ZPOBRO WO SNGECE 


4 5 


DAYS 


Ficure 1. Terramycin hydrochloride oral therapy, 0.5 gm. Q6H. S-Str—staphylococci-streptococci; 
EA—coliforms; P—Proteus. 
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comes bactericidal for many of the bacteria when the concentration of 
drug is increased beyond the bacteriostatic range. 

When the size of the inoculum is increased from 30,000 organisms per 
milliliter to 20,000,000 cells per milliliter, visible growth is once again re- 
strained in the presence of 4 wg. per ml., but a larger number of organisms 
survive in the higher terramycin ponnen racine! This finding explains, in 
part, why apparently sensitive E. coli persist in stools in the presence of 600 
ug. of terramycin per ml. 

To test this hypothesis, an attempt was made to minimize the number of 
bacteria added to the bowel through diet by having six patients ingest only 
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cooked food. A sharp reduction in the stool streptococcal and staphy- . 
lococcal counts was effected in this manner (TABLE 2, cases 5 to 11). We 
then attempted to reduce the number of bacteria in the large intestine 
further by use of saline enemata and saline catharsis in addition to a low 
residue diet. Mechanical cleansing and reduced food intake reduced the 
total bacterial count, including both cocci and coliforms. After 24 hours of 
terramycin therapy, the same or even greater suppression was achieved 
than that which was obtained in 72 hours in patients on regular hospital 
diet. During the period of elimination and suppression of these initially 
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Ficure 2. Effect of concentration of organisms on terramycin activity. 


occurring organisms, outgrowth of Proteus in the prepared cases has been 
delayed 24-48 hours. No such degree of bacterial suppression obtains as a 
result of mechanical cleansing without adjuvant terramycin therapy. 

An interesting observation in the course of these studies was the change 
in morphology of the organisms in the terramycin bacteriostatic range. 
The most striking changes were seen. in a strain of E. coli. The changes are 
similar to those changes in morphology resulting from penicillin® treatment 
and the changes in Proteus and Klebsiella when treated with streptomycin.® 
The organism is seen as a long curving rod with swellings in its course. 
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Ficure 4, Stained smear of F. coli in bacteriostatic 
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concentration of terramycin. 
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_FIGURE 6. Stained smear of Streptococcus broth culture. 
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Ficure 7. Stained smear of Streptococcus of inhibitory concentration of terramycin. 


Summary and Conclusions 


Terramycin in vitro effectively suppresses growth of Gram-positive cocci, 
anaerobic bacilli, E. coli, and most strains of A. aerogenes, while Pseudomonas 
and Proleus, in the main, are moderately to highly resistant to its action. 
This antibiotic orally administered in man eliminates coliform bacteria from 
feces. Gram-positive cocci are inconstantly suppressed or eliminated. 
Proleus in heavy growth dominates the flora as other organisms disappear. 
Maximal suppression with the dosage employed occurs in about 72 hours. 

Terramycin is bacteriostatic in threshold concentration. In the presence 
of high concentration, bactericidal action is observed. The number of 
surviving organisms is influenced by the size of the inoculum. 

Terramycin effectiveness in the bowel is influenced by diet, duration of 
administration of the drug, and mechanical emptying of the colon. Drug 
action in the bowel is most pronounced when it is administered as an ad- 
juvant to colonic irrigation, catharsis, and low residue diet. 
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CHEMOTHERAPY OF BRUCELLOSIS 


By Vernon Knight 
Department of Medicine, New York Hospital-Cornell Medical Center, New York, N. Y. 


Three years ago, when aureomycin and chloramphenicol were first being 
clinically tested, it was found that, in addition to activity against many 
diseases already successfully treated with such agents as penicillin and 
streptomycin, they were highly effective against important representatives 
of the intracellular parasitic infections. One of the infections in which the 
results were particularly striking was human brucellosis. This activity of 
aureomycin and chloramphenicol constituted an important distinguishing 
characteristic common to the two agents. Consequently, after the discovery 
of terramycin,! it became of immediate interest to test this agent against 
this critically important disease. a 

In January, 1950, such a study was begun in Guadalajara, Mexico, in 
collaboration with Dr. Francisco Ruiz-Sanchez and his associates at the 
Medical School of the University of Guadalajara. This was particularly 
appropriate, since previous studies with aureomycin and chloramphenicol 
in the treatment of brucellosis had been made there,?~‘* beginning in the 
summer of 1948. As had been anticipated, the results of the study with 
terramycin revealed that this agent, too, possessed high activity of the 
same order of effectiveness as aureomycin and chloramphenicol.° 

It is my purpose to describe the chemotherapy of brucellosis, with 
particular reference to the results of these studies with aureomycin, chloram- 
phenicol, and terramycin. 

It is important to review briefly some of the features of brucellosis, in 
order to facilitate the interpretation of results obtained from these investi- 
gations. In Mexico, brucellosis is an extremely common infection, caused, 
in the vast majority of cases, by the melitensis species of the organism. 
It is frequently associated with a very acute febrile illness of severity com- 
parable to typhoid fever. Moreover, the diagnosis is usually not difficult 
to make, there frequently being a positive blood culture in addition to a 
high titer of antibody. Not only has this species been classically associated 
with an illness of great severity, it has, likewise, proved to be more refractory 
to chemotherapy than the abortus species, which is an important cause 
of the disease in the United States. A few cases in Mexico and a large 
number in the United States are caused by this species. The suis species 
has also been associated with a very severe illness and has been found to be 
frequently associated with localization of the infection. It is worthy of 
note, in addition, that Br. melitensis infections are not infrequently en- 
countered in this country. Spink has recently reported their occurrence 
in swine in Minnesota. 

Although there are many cases of acute brucellosis in this country, 
chronic brucella infection has been an even greater problem. Just what 
constitutes chronic brucellosis has not been universally agreed upon, and it 
has been our practice to use the classification suggested by Spink, that all 


332 


ee 


ee ee 


a 
a 


_ these cases have often proved to be equivocal or negative. Many such 
patients are described as having the illness for many years. The question 
is of importance in a discussion of the treatment of brucellosis because of 


__ the possible inclusion under this diagnosis of patients with other diseases. 
4g ‘This has undoubtedly occurred in many instances. Obviously, therapy 
_ might not be beneficial in such cases, and, therefore, a proper evaluation of 


the drug’s effectiveness would not be possible. 


In our work, the diagnosis is based upon characteristic clinical manifesta- 


tions, a high titer of brucella antibody (usually more than 1 to 100, and 


~ ranging as high as 1 to 64,000 in one of our cases), and, where possible, a 
positive blood culture. We have not used the test for dermal sensitivity 
or the opsonocytophagic index in our studies. In considering the clinical 
course of these patients, it is well to recall that probably no more than 6.5 
to 9 per cent of infections caused by any of the strains of brucella persist 
for more than 6 months. This range of percentages has been described by 
Huddleson® and Dalrymple-Champneys’ in the United States and England, 
respectively. Moreover, Spink® has stated that, in his experience at the 
University of Minnesota, it has been distinctly unusual to observe a 
culturally proved case in which the illness has continued for more than 
1 year. 

It is apparent that one must consider carefully before making the diagnosis 
of brucellosis in a patient whose illness has existed for more than a year. 
Furthermore, in many of the quoted cases whose duration has been ex- 
ceptionally long, there have been associated such specific local complications 
of the disease as osteomyelitis, spondylitis, or central nervous system 
involvement. 

Chemotherapy of brucellosis with agents whose administration has been 
associated with significantly beneficial results was first accomplished by the 
use of a combination of streptomycin and sulfadiazine. Results with this 
treatment were reported by Pulaski and Amspacher, in 1947,9 and later in the 
same year by Eisele and McCullough.!° This therapy was attended by 
favorable results in most cases of infection with Br. abortus, but, in only 
about 50 per cent of Mexican cases with Br. melitensis infection did it prove 
helpful, according to Spink.* In both groups of cases, relapses were not 
infrequent, and, with the additional hazard of toxicity from the agents used, 
it fell short of being satisfactory treatment. 

Tt became evident, as aureomycin, chloramphenicol, and terramycin were 
progressively employed in the treatment of brucellosis, that each was 
superior to the combination of streptomycin and sulfadiazine. This was 
particularly prominent in the therapy of Br. melitensis infections. In our 
investigations in Mexico, approximately equal numbers of patients have 
received treatment with each of the three agents being discussed. At 
present, we have treated 36 patients in this investigation. Concerning a 
description of the case material, it is sufficient to say that almost all of these 
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patients have been acutely ill, and 50 per cent of the total group studied 
have been bacteremic. Of this number, all have been caused by Br. meli- 
tensis with the exception of one Br. abortus and one Br. SUAS infection. The 
remaining cases have had sufficient elevation of their antibody titers to 
establish the diagnosis. - : 

The course after therapy in these acutely ill patients has almost invariably 
been one of prompt and rapid improvement. Defervescence has occurred in 
each of these groups in periods averaging from 2 to 4 days. In FIGURE 1 
can be seen the course of a representative patient who received terramycin 
in large doses. ~ 
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FicureE 1. Rapid recovery after terramycin in an acutely ill boy with Br. melitensis bacteremia. No 
complications or relapses. 


This 12 year-old boy was very acutely ill, but he responded promptly to 
treatment. His therapy was.continued for a period of 28 days, and he has 
not relapsed in a 3-month period of observation. It will be noted that 
bacteremia was present in this patient as long as the 4th day after starting 
treatment. 

One more patient who received terramycin intravenously can be seen in 
FIGURE 2. Her course was also one of rapid improvement. She received 
terramycin in one-half or 1 gram doses for a total daily dosage of 2 grams 
for most of the first 6 treatment days. The material was dissolved in 5 or 
10 ml. amounts of a buffer solution and, when injected, had a pH of 9.0. 
It was noted that pain occurred along the course of the vein used for injec- 
tion unless the material was rapidly introduced. Immediately following 
injection of the drug, the patient complained of a burning sensation around 
the lips, a manifestation which has been observed in other cases, This 


vel 


ulture was obtained 6 days after start of despite virtual re 


the illness. Serum concentrations of terramycin ranged from 
: micrograms per ml. during the period of intravenous therapy. 

a _The effect of aureomycin and chloramphenicol on the acute phase of the 
_ illness has been comparable to that observed after terramycin. In a few 
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overy of a patient with Br. melitensis infection with bacteremia treated with ter- 


FIGURE 2. Rapid rec 
ramycin intravenously. No local or systemic reactions to therapy were encountered. 


patients in the chloramphenicol group, fever has persisted for a slightly 
longer time, but this appears to be the result of lower doses. 

A reaction to therapy with one of these drugs was first described by Spink 
and Castaneda and their associates, in a group of aureomycin-treated 
patients in Mexico City. Fifty per cent of their series of cases exhibited 
an intensification of the signs and symptoms of the disease, associated with 
an abrupt rise in temperature, a chill, and, on occasion, a significant drop 
in blood pressure. These reactions generally occurred within the first few 
hours of treatment and resembled a Herxheimer reaction. 

A somewhat similar phenomenon was reported previously, by McCullough 
and Eisele, in treatment with a combination of streptomycin and sulfa- 


diazine of two patients with central nervous system involvement as a result 


of brucella infection. On the second day of therapy of these individuals, 
there was noted an increase in the neurological abnormalities, with stiff neck, 


stupor, and h ‘ A el Jered 4 
‘reaction Sieh oi be matress for streptomy in toxicity 

possibility of a Herxheimer-type of reaction. In light of tiavacsnn ch 
ue been seen in the treatment of brucellosis with aureomycin, it i ciel 
able to believe that this did represent a Herxheimer-type reaction. 


We have observed therapeutic reactions similar to those jedan 


‘Spink and Castaneda with all three of these new agents. An example of 
the only one observed in the 12 terramycin-treated patients is shown in 
‘FicuRE 3. A few hours following start of terramycin, she complained. of 


chills and marked weakness. These symptoms were accompanied Be an 
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Ficure 3. Illustrating the Herxheimer-like reaction in the only one of twelve patients with brucellosis 
treated with terramycin in whom it occurred. The reaction did not necessitate stopping therapy, and re- 
covery was prompt. 


abrupt rise in temperature. After a few hours, the attack abated without 
stopping treatment, and, as can be seen, her convalescence was uneventful. 
In this patient, bacteremia was present for several days after marked im- 
provement had taken place and subsequent to the time when a reaction, 
possibly resulting from massive destruction of brucella organisms, had 
occurred. 

The number of cases we have observed is not large enough to evaluate 
properly the incidence of reactions. Furthermore, their detection is difficult 
in the presence of the very acute illness of some of the patients. Probably 
in no more than one-fourth of patients do easily detectable reactions of this 
type occur. At present, there appears to be no great difference in their 
incidence in relation to the agent employed in therapy. Since these thera- 
peutic reactions have not been serious, it is our policy not to attempt to 
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siderable doubt that this procedure would obviate their occurrence. 
Relapses have not infrequently occurred. In the groups of patients 
treated with aureomycin and chloramphenicol, in which therapy was con- 
tinued for ten days or less, relapses have occurred in 30 and SO per cent of 
cases, respectively. These have almost invariably occurred soon after stop- 
ping therapy, and it has been our experience that the majority of relapses 
in treated patients may be expected within the first three months after the 
completion of treatment. 

In FicuRE 4 is seen the course of a patient who relapsed after receiving 10 
days treatment with chloramphenicol. A therapeutic reaction occurred on 
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FIcurE 4. Relapse -after therapy with chloramphenicol in brucellosis complicated by orchitis. Re- 
treated with aureomycin because of shortage of chloramphenicol (reprinted, with permission, from Am. J 
Med. Sci. 219: 627, 1950, Knight ef al.). 


the first day of treatment, but, following this, recovery was rapid and un- 
complicated. Only a few days after cessation of treatment, however, the 
patient had a recurrence of fever and symptoms, and this time severe 
orchitis developed. Because of a shortage of chloramphenicol, he was re- 
treated with aureomycin and promptly recovered. 

As a result of the occurence of relapses in the aureomycin- and 
chloramphenicol-treated groups, therapy with terramycin was prolonged for 
28 days. This is in marked contrast to the 10 days or less of treatment 
received by the aureomycin and chloramphenicol groups. In the series of 
12 patients who have now been followed for at least 3 months after ter- 
ramycin treatment, only one relapse has occurred.* 

The course of the patient who relapsed can be seen in FIGURE 5. This 
patient had been acutely ‘ll and bacteremic, but he improved rapidly after 


* Subsequent to the presentation of this paper it was learned that one other patient (F.Al.) in this series 
had also relapsed within the three-months’ period of post-treatment observation, 
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the first course of therapy. Thirty-six days following the completion of 28 — 


days of terramycin, he once more became acutely ill, and several blood 
cultures were again positive for Brucella melitensis. It is of special interest 
that this patient responded entirely satisfactorily to a dosage of only 25 
milligrams per kg. of body weight per day on the occasion of retreatment. 
The course of the bacteremia during treatment in the terramycin patients 
has been unusual. We are accustomed to correlating clinical improvement 
in most infections associated with bacteremia with the elimination of the 
infecting organism from the blood stream. On several occasions in this 
study, we have observed positive brucella cultures several days after start 
of therapy and in the face of virtual recovery. Fewer data are available 
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Ficure 5. Bacteremic relapse in patient with brucellosis who received 28 days treatment with terramycin. 
Retreated successfully with a dosage of 25 mg. per kg. of body weight per day. 


concerning this situation in regard to aureomycin and chloramphenicol 
treated patients, but a few examples suggest that the same situation may ob- 
tain in regard to these agents. 

TABLE 1 contains data relating to bacteremia in the group of patients 
who received terramycin. It can be seen that, although the number of 
positive cultures obtained after therapy is greatly reduced, some cultures 
were positive for as long as 4 to 6 days following start of treatment. 

If the therapeutic reactions which have occurred in the treatment of 
brucellosis are the result of destruction of large numbers of brucellae, then 
persistent bacteremia suggests that the severity of the reaction has probably 
been diminished by the inability of these agents promptly to sterilize the 
blood. One would anticipate that, if an agent were available which could 
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effectively eliminate this bacteremia in a short time, the therapeutic Te: 
actions would be of increased severity. 
toh possible parallel to this situation exists in the case of early syphilis. 
Following penicillin, the spirochetes promptly disappear from lesions, and, 
in more than 50 per cent of patients, Herxheimer reactions occur. In a 
group of 29 patients with spirochete-positive syphilis, treated with aure- 
omycin, only 4 patients (7.e., 14 per cent) exhibited Herxheimer reaction.” 
z Moreover, it was found in these patients that an average of 39 hours was . 
required for their lesions to become dark-field negative. This is much longer 
than the average time required for such a result in penicillin-treated cases. 
The effect of therapy with aureomycin, chloramphenicol, and terramycin 
on the complications of brucellosis is incompletely evaluated. A few ex- 
_ amples of therapy of complications are available, and the course of one such 
patient is presented in FiGURE 6. 


TABLE 1 
BRUCELLA BACTEREMIA IN NINE TERRAMYCIN-TREATED PATIENTS 


| No. 
cultures Cultures after start of treatment (days)* 

Patient positive 

before 
treatment id res 3 4 5 6 7 8 9 
F. Al... 4 SES SSCs eC Tact erin ig a ae 
DEPE-. 4 CHUNOL Ora. -Onle OFF 40>)' 10/520 
Ru. 3 ye Ou) OP OL a), Oh Ol ste 
A. Gn. 5 Oo) ets ene ea SO Oh saa ie 
Li. GE. «:. 3 Ot Ol Oe a le ie 
D. Gu.. 4 oS) WE Se 0} Of} Of} =i— 
GiAl: -:: 2 7 ee 0 Ya ea 2 i 0 Yl a es aT 
RPL. 4 Ou OF 020") 07) Ort 107 |e 
Re Cu. 6 OF On OF ee On, 0. 1-10: elO a 
Total POSILIVE. os2.2- .¢-6 == oon Dail 2s 1 Se ay aha Oy Oe 


* 4+ Positive in one or both of daily duplicate specimens; 0—negative after 20 days’ incubation in du- 
plicate flasks. 


This patient was acutely ‘Il and bacteremic, with Brucella melitensis 
complicated by meningoencephalitis. She first became ill shortly before 
delivering an apparently normal child. Following delivery, her symptoms 
continued unabated, and it was found that she had marked papilledema and 
other signs of central nervous system involvement. A blood culture was 
positive, and, although the spinal fluid culture was not positive, protein and 
cells were increased in the spinal fluid. Following administration of aureo- 
mycin, this patient improved remarkably, and, in a short period of observa- 
tion, no recurrence of symptoms was observed. 

A number of examples of striking improvement in patients with disabling 
arthritis have been observed after therapy with each of the three agents 
being discussed. 

One patient in whom severe spondylitis was present, with a wedge- 
shaped deformity of the fourth lumbar vertebra, failed to improve following 
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a 17-day course of 9 grams of terramycin daily and was later treated. with: 
aureomycin. Despite this, improvement only gradually occurred, and it 
was felt that there was no evidence for therapeutic benefit from the use of 
either of these agents. , ats Lie 

The plan of treatment in these patients has been to administer high doses 
of the various drugs during the first part of the treatment, when the patient 
has been most acutely ill. After defervescence and clinical improvement, 
the dosage has been greatly reduced and continued for a specified ‘time. 
Initial doses of these three agents have varied widely, ranging from 25 to 
200 milligrams per kg. of body weight per day, with the higher doses em- 
ployed first. i 
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FrieurE 6. Pt. T. F. Acute meningo-encephalitic brucellosis, showing rapid improvement after treatment 
with aureomycin (reprinted with permission from Am, J. Med. 6: 409, 1949, Knight ef al.). 


After the demonstration of a definite therapeutic effect with each of these 
agents, reduction in dosage was gradually made to determine what might 
be the least effective dose. This was not completely accomplished with all 
the agents, but it has been found with aureomycin and terramycin that 
amounts as small as 25 milligrams per kg. per day may be sufficient to 
control all signs of acute infection. The impression has been gained that 
these two agents provide effective therapy at a lower dosage range than 
chloramphenicol. At present, it appears that the most important con- 
sideration relating to dosage is the necessity for continuing treatment for a 
long period of time, if the incidence of relapses is to be kept at a minimum. 

One can approach the problem of therapy in another way and merely 
treat the patient while acutely ill, planning to restart therapy in the event 
of a relapse. The danger of relapse is much less in brucellosis than it is in 
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sensitivity of the nine brucella strains recovered from patients who received 
terramycin treatment. It is apparent that all these organisms are highly 
sensitive to terramycin. They are regularly inhibited by concentrations of 


_ 04 micrograms per ml., which is 4 to 16 times less than those required of 


aureomycin and chloramphenicol. Aureomycin appears to be slightly less 

active, but it should be pointed out that aureomycin is much less stable 

under the conditions of this test than the other drugs. No tests have yet 
TABLE 2 


In vitro SENSITIVITY* OF NINE STRAINS OF BRUCELLA TO TERRAMYCIN, AUREOMYCIN, 
AND CHLORAMPHENICOL 


Patient Terramycin wg./ml. | Aureomycin pg./ml. apres 
BL ALT. A: 0.4 sete 1.6 
abet <. 0.4 6.2 1.6 
Tos Rist gee 0.4 teal 1.6 
A~Gn.F. .~ 0.4 6.2 eyeil 
i Gr f . <2. 0.4 (ye Spel 
PD; Gu.f. ..- 0.4 3.1 Sel 
‘oye ae 0.4 6.2 Steal 
he ELS: 1.6 12.5 1.6 
Re Cush. 0.4 Sut | S| 


€ * In liquid medium; read in 72 hours. 

} Br. melitensis. 

t Br. suis. 

§ Br. abortus. 
been made on strains recovered from patients following treatment with 
terramycin. ‘ 
~ In these series of cases, the titer of the brucella agglutination test has 
gradually declined in the first weeks following treatment. In only a few 
patients has a sharp drop occurred. ‘These events correspond to what has 
been described following natural recovery from the infection and, therefore, 
do not appear to have been influenced by therapy. _ “J 

In the study with terramycin, no evidence of serious toxicity and only 
minor degrees of gastrointestinal intolerance were observed. In only one 
case did nausea and vomiting delay treatment. 

Although these agents have all proved to be highly effective in therapy of 
the acute manifestations of the disease, the continued presence of positive 
blood cultures during the first few days of treatment and the occurrence of 
relapses suggest that ideal therapy has not been achieved. An effort to 
reduce the occurrence of relapses appears to have been at least partially 
successful in the administration of terramycin for periods of 28 days. _ It 
would be reasonable to expect that continuation of treatment with ter- 
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ere or the other agents for a period of 6 or 8 weeks might effect an even “4 


greater reduction in the occurrence of relapses. al Nee 
Another possible means of increasing the effectiveness of antibrucella 
therapy is the use of combinations of agents. Investigations of this problem 
in animals have shown highly satisfactory results, © and such therapy 
in humans is now being investigated. be 
” Tn our laboratory, we!® have studied the effect of the three agents being 
discussed, alone and in combination with streptomycin, in the therapy of 
experimental Brucella melitensis infections in mice. It was found that mice, 
although easily infected with brucella, do-not regularly succumb to the 
disease. Evaluation of therapy was found to be possible, however, by a 
comparison of the number of organisms obtained from splenic cultures and 
by estimates of the extent of involvement of the spleen and liver of the 
animals. 


_In these experiments, black mice (C 57 strain) were used, since it. was 
found that these animals developed macroscopic liver lesions, whereas a few 
strains of white mice tested acquired them only sporadically. The lesions 
were large white abscesses studding the surface of the liver and, microscopi- 
cally, were of a granulomatous type resembling those of tuberculosis in 
these animals. The livers were also greatly enlarged when these lesions 
were found. By estimating this involvement on a scale of one to four plus, 
the extent of disease was determined. The spleen was found to enlarge 
promptly after infection and, in untreated animals, uniformly attained 
great size. The enlargement was found to be diminished by effective thera- 
py, and this was used as a criterion of the degree of involvement of this 
organ. The number of brucellae which could be cultured from the cut 
surface of the spleen was found to vary with therapy, and this was adopted 
as the other criterion of therapeutic effectiveness. 

The result of a study of therapy of experimental brucella infections in 
mice can be seen in TABLE 3. The dosages and route of administration of 
the various agents is designated in the table. The number of animals 
and the mortality in each experiment can also be seen. Emphasis should 
be placed on the results of therapy with the agents being discussed, which 
were used alone and in combination with streptomycin, since neither 
neomycin nor streptomycin and sulfadiazine showed an effect against the 
infection according to the criteria of this study. When employed alone, 
aureomycin and terramycin exhibited a moderate but definite effect in 
suppressing the infection. No definite effect could be seen with chloram- 
phenicol in this situation. A combination of chloramphenicol with aure- 
omycin was of about the same effectiveness as aureomycin alone. When 
any of the three agents was combined with streptomycin, it was found that 
its activity was greatly enhanced. This is indicated in the last column 
of the table, where values of 1.2 or less for these three combinations of 
agents represents a marked suppression of infection, in comparison to a 
value of 3 for untreated animals. These observations offer strong support 
for the testing of such combinations of agents in the treatment of human 
brucellosis. Studies in this direction have been reported by Heilman and 
Herrell*” with initially favorable results. 
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It is noted that the combination of aureomycin and streptomycin was the 
most active of those tested. It should be emphasized that even with this 
combination of drugs, however, microscopic lesions or cultural evidence of 
infection were almost invariably present, and this combined therapy, al- 
though of much greater effectiveness, still failed to eliminate brucellae 
completely. ; 
The problem of chronic brucella infection has been referred to previously. 
Forty thousand to one hundred thousand cases of the infection have been 


TABLE 3 


Extent oF Brucella melitensis INFECTION IN Mice AFTER VARIOUS 
REGIMENS OF THERAPY 


0. 0 /, Index 
Treatment* _ Daily dose Route pee! Sars oft in- 
mals | vival | fection 
WerrAMVyeIN: ffi ce os scp.) 100 mg./ke: oral 12 100 | 2.0 
Aureomycin.. ....-....../..72. | 100 mg./kg. oral 22 91 de7 
Chloramphenicol 100 mg./kg. oral 22 86 ah 
Terramycin + streptomycin..... 100 mg./kg. oral 12 100 ee) 
200 subce. 
Aureomycin + streptomycin..... 100 mg./kg. oral 12 92 0.3 
200 subc. 
Chloramphenicol + streptomycin.| 100 mg./kg. oral 12 84 121 
200 sube. 
Aureomycin + chloramphenicol..| 100 mg./kg. oral 12 92 1.4 
100 oral 
Streptomycin + sulfadiazine.....| 200 mg./kg. sube. 10 90 2.6 
200 sube. 
MCOMMCIN Fei re. Spa 2s<-a2--) 10,000 units/kg. | subc. 12 84 fied | 
SOA Rs ee eee 31 71 3.0 


* Duration of treatment was 10 days. : i 
+ On a scale from 0 to 4, based on degree of hepatomegaly, hepatic necrosis, splenomegaly, and number 


of brucella colonies cultured from spleens. 


estimated to occur in this country each year.’* Despite the high incidence 
of this disease, only a few studies are available concerning its treatment 
with these agents. Ralston and Payne" and Harris® have observed favor- 
able results in the majority of large groups of patients treated with aureo- 
mycin and chloramphenicol. We have treated a few patients who have been 
ill for periods ranging from-6 months to 2 years with all three agents. Con- 
sidering these cases as chronic brucella infections, it can be said that they 
responded as promptly to treatment as those with the acute disease. 

It was our impression that the patient who was the most acutely ill with 
either chronic or acute brucellosis showed the best response to treatment. 
On the basis of this evidence, there is no reason to doubt that chronic 
brucellosis may be successfully treated with these agents. 
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Chemotherapy of the acute manifestations of brucellosis has been success 
fully accomplished with three agents: aureomycin, chloramphenicol, and 
terramycin. The studies that have been made suggest that there may be 
some differences in the relative activity of these compounds, but the magni-_ 
tude of these differences is small. . All three are superior to the combination 
of streptomycin and sulfadiazine in treatment of this infection. It is 
apparent that the use of these agents may prevent, in great part, the dis- 
ability and long illnesses associated with the infection. Animal experi- 
ments suggest that combinations of individual members of this group of 
agents with streptomycin may further enhance the effectiveness of therapy 
of brucellosis. 
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_... Pheodore E. Woodward 

School of Mi edicine, University of M: aryland, Baltimore, Maryland 

Not only have Dr. Knight and his associates presented data indicating that 
wenow have another broad spectrum antibiotic useful in alleviating the symp-: 
toms of acute brucellosis, they have also summarized the pertinent forms 
of treatment for this disease and elaborated upon the limitations. Of par- 
ticular importance is their reminder that brucellae, like rickettsia and. S.° 
typhosae, are obligate intracellular parasites causing diseases with a great’ 


- tendency to recrudesce. Tularemia is another. ; 


In an early publication, Dr. Spink discussed the two problems of therapy: 
(1) to arrest the acute symptoms and (2) to eradicate fully the etiological 
brucellae from the host. Brucellae establish intimate contact with the’ 
reticulo-endothelial cells. In the experimental animal and man, these 
minute organisms may be recovered from the spleen, lymph glands, bone 
marrow, efc. Nesting intracellularly, they apparently lead a sheltered 
existence and emerge from time to time to challenge the resistance of the 
host. ‘The tendency of this intracellular microbe to cause relapse is similar’ 
in some respects to epidemic rickettsiae, which, after years of latency, pre-' 
sumably within cells, re-emerge to cause recrudescence, now known as 
Brill’s disease. Dr. Knight has clearly demonstrated that aureomycin, 
chloromycetin, and now terramycin appear to arrest the course of acute 
brucellosis better than other forms of treatment. He emphasizes, however, 
that the new antibiotics have failed to free the host entirely of the causative 
bacillus. 

Proper attention was given by Dr. Knight to the bacteriostatic rather 
than bactericidal action of the antibiotics. Certainly, we must think upon 
these antimicrobial drugs as useful in assisting the patient rather than as 
agents which singlehandedly annihilate the invader. Dr. Smadel and his 
collaborators have demonstrated the suppressive effect of chloromycetin 
against R. orientalis and have shown that, when the antibiotic is employed 
very early in the course of scrub typhus, presumably before a sufficient 
degree of host immunity has developed, rickettsemia may reappear and a 
relapse ensue on termination of therapy. The patient may remain free of 
symptoms as long as antibiotic therapy is continued, but, in groups of 
volunteers exposed to infected mites under natural conditions and treated 
prophylactically for 20 days, illness eventually resulted approximately 10 
days after the antibiotic was discontinued. 

In typhoid fever, we have noted that approximately one-half the patients 
relapse when treated for 7-days or less, and on rare occasions relapses occur 
after 2 or even 3 weeks of continuous therapy. The ordinary relapse of 
typhoid fever appears earlier than the relapse of brucellosis. We take 
advantage of this fact by treating typhoid fever patients on an interrupted 
schedule as follows: the administration of chloromycetin for 5 days, omission 
of therapy for 5 days, and then resumption of treatment for 5 additional 
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days. This method employed in 20-odd cases has been satisfactory and has 
required the use of less antibiotic. The tendency of tularemia to relapse 
has been noted in patients treated with streptomycin and chloromycetin, 
again presumably because the antibiotic has failed to eradicate the infectious 
agent. a 

Dr, Knight, in discussing the limitations of antibiotic therapy in brucel- 
losis, has proposed three possible measures hoped to result in ultimate cure: 
(1) to treat the relapse when it occurs; (2) to treat for a longer period of 
time up to 8 weeks; (3) to combine streptomycin with aureomycin as 
suggested by Herrell, or to combine streptomycin with terramycin. One 
may employ the first method with confidence, since brucellae do not readily 
gain resistance to the new antibiotics, and the relapse promptly responds on 
retreatment. Secondly, based upon our experience in rickettsial infections 
and in typhoid fever, it appears quite unlikely that antibiotic treatment for 
8 weeks will so alter the intracellular relationships of brucellae as to result 
+n their final decimation. Thirdly, there is no evidence that streptomycin 
and the newer antibiotics Combat microorganisms through fundamentally 
different mechanisms. Did not combinations of streptomycin and sulfa- 
diazine eradicate brucellae in infected embryonated eggs? Indeed, is it 
not true that, in guinea pigs, brucellae are not appreciably influenced by 
chloromycetin, yet the clinical disease responds? Moreover, in tularemic 
mouse infections, chloromycetin provides little benefit, in contrast to the 
prompt recovery of human cases. 

Our method of treating brucellosis varies slightly from Dr. Knight’s first 
suggestion. We assume that the undulant fever patient will relapse; hence, 
we try to use the antibiotic in a manner to prevent the recrudescence. The 
acute manifestations are treated with a course of antibiotic for a period of 
10 to 14 days. However, every 3 months the patient returns for a 3-day 
course of treatment. We intend to apply this method for several years and, 
perhaps in time, will have data suitable for comparison with other series. 
It is assumed that treatment every 3 months will act as a suppressive. 

Very briefly, our experience with antibiotic treatment in acute brucellosis 
coincides with Dr. Knight’s data. Eighteen patients treated with chloro- 
mycetin revealed the following mean values in days: duration of fever prior 
to treatment, 38; duration of fever after beginning therapy, 2.9; duration of 
treatment, 9.4. There were 4 relapses in periods ranging from 1 month to 1 
year (22 per cent). Of 9 patients treated for 11 days with aureomycin, 
beginning on the 30th day of disease, the temperature reached normal 
levels in 3.2 days. There have been 2 relapses in this group (22 per cent). 
Two patients treated with terramycin have responded in a manner similar 
to those treated by Dr. Knight. 

Dr. Knight and his collaborators are to be congratulated on this early 
clear-cut report on the use of the new antibiotic, terramycin, in undulant 
fever. They have clearly elucidated the favorable as well as the limiting 
factors involved in handling this difficult disease. 
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THE PLACE OF ANTIBIOTICS IN THE FIELD OF SURGERY 


By Edwin J. Pulaski, Lt. Col., M.C. 


Surgical Research Unit, Brooke Army Hospital, Brooke Army Medical Center, 
Fort Sam Houston, Texas 


The successful use of antibiotics in infectious diseases constitutes one of 


the most dramatic advances of all times in medical therapeutics. It is not 


too much to say that, at the present time, at least half of all medical and 
surgical patients receive these drugs as part of their treatment. 

The recent introduction of terramycin has brought to seven the list of 
antibiotics which are now commercially available. Others are under in- 


~ vestigation. The constant addition of new agents, with ever broader spec- 


tra or with increased specificity or potency, makes imperative repeated 
critical evaluations of their logical place in the armamentarium, as well as 
repeated evaluations of the place of agents previously in use. The purpose 
of this communication is to review the principles which underlie the proper 
use of the antibiotics and to outline the indications for their employment in 
certain specific entities. 


Factors Influencing the Response to Antibiotic Therapy 


Certain general principles govern the efficient use of antibiotics in treat- 
ment of infection. They are particularly valid when the use of these agents 
is contemplated in the management of surgical infections. These factors 
will be discussed in the following order: (1) sensitivity of bacteria to chemo- 
therapeutic agent; (2) nature of lesion; (3) duration of contact between 
bacteria and antimicrobial agent; (4) adequacy of dose and duration of its 
administration; (5) resistance of host; (6) possible alteration of bacterial 
flora during antibiotic therapy; and (7) toxic reactions. 

1. Sensitivity of Bacteria to Antimicrobial Agents. Antibiotics are selec- 
tive in-action, and this selectivity, fortunately, overlaps to some extent 
(FIGURE 1).. The first modern antibiotic, tyrothricin, which was discovered 
in 1939, and bacitracin, which was discovered in 1945, are effective in 
dealing with many Gram-positive cocci, rods, and spirochetes. Penicillin 
is the most potent of all antibiotics against Gram-positive organisms (ex- 
cept enterococci and tubercle bacilli). In addition, it is highly effective 
against gonococci and meningococci, and it is selectively effective in higher 
concentration against a few Gram-negative bacilli. Streptomycin is the 
first antibiotic to have powerful action against the tubercle bacillus and 
many Gram-negative bacilli. Like penicillin, it is active also against 
Gram-positive organisms, though to a lesser degree. 

Aureomycin, chloromycetin, and terramycin are the first antibiotics to 
be therapeutically active against Ricketisia and some large viruses. These 
agents are quatitatively of about the same order of effectiveness as strepto- 
mycin against the same bacterial spectrum. They differ from streptomycin 
in having only a feeble action on the tubercle bacillus. Most strains of 
Pseudomonas and Proteus are refractory to aureomycin and terramycin, 
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Ideal specific therapy of infection is based, among other considerations, 
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sible. This applies particularly in severe infections, in those not responding 
to treatment as expected, in all chronic infections, and in all diseases in 
which the etiologic diagnosis is in doubt. It is worth remembering that 
examination of the direct smear, which is an office or hospital ward pro- 
cedure, can yield invaluable aid in clinical diagnosis. For example, strepto- 
coccic sore throat, anthrax, actinomycosis, Gram-negative infection, and 
tubercle and Welch’s bacillus infection may be presumptively diagnosed by 
smear and clinical signs. Bacteriologic data not only serve as guides to 
the probable drug of choice and the possible alternative agents, but also 
furnish clues to the dosage required. The use of antibiotics as diagnostic 
tools, such as their administration for pain or fever before an accurate diag- 
nosis is made, should be discouraged. ‘This practice masks symptoms, de- 
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lays the institution of proper treatment, and complicates laboratory ideni- 
tification of the existing cause, either by suppressing the growth of the 
organisms or by producing bizarre, difficult-to-identify forms. 

While there are several methods for determining: culture sensitivity, the 
agar plate-medicated disc method is simplest. It consists in the applica- 
tion to freshly seeded blood agar plates of discs containing measured amounts 
of each antibiotic. Premedicated discs are now or shortly will be commer- 
cially available. Zones of inhibition can be read after 12 to 18 hours in- 
cubation in most instances. Spot sensitivity determinations with several 
test organisms show close correlation with corresponding tube sensitivities. 

For the past four years, the disc plate method of antibiotic culture sensi- 
tivity testing has been employed routinely by the Surgical Research Unit 


' of Brooke General Hospital. Results of this testing are tabulated in 


TABLES 1-5. _ 
Our data support the observations of others that the incidence of peni- 
cillin-resistant strains of Staphylococcus aureus is increasing in hospitalized 


TABLE 1 
CULTURE SENSITIVITY TESTING OF BACTERIA TO ANTIBIOTICS—STAPHYLOCOCCI 


1947 1948 1949 1950 (#3) 


Total no. cultures 


239 186 298 160 
Pentel Wily dete seas vere ee = 81% 78% 62% 67% 
SIEDtOMNY CUD acc cen Oc cre 91% 85% 15% 83% 
PAUIPEOMY CLD. eo232 26 cee. Soe 91% 88% 
Chioromycetin 2... 5-.------- 98% 
Merramyeuis <2 cs... s se ie = be 91% 


patients. Of 239 strains isolated from as many patients in 1947, 81 per 
cent were sensitive to less than 1 unit per cc.; in 1949, only 62 per cent were 
sensitive in 298 patients. In the same period of observation, the incidence 
of penicillin-sensitive nonhemolytic and hemolytic streptococci remained 
essentially unchanged. It would appear, therefore, that development of 
penicillin resistance on the part of bacteria is still of little clinical importance, 
except for the staphylococcus, and perhaps has been exaggerated and over- 


emphasized. i % ; 

The high percentage of Gram-positive coccl sensitive to aureomycin, 
chloromycetin, and terramycin is noteworthy. The trends in sensitivities 
of surgical Gram-negative organisms are of interest. W ith the diminished 
use of streptomycin, brought about by the substitution of other agents, 
there has been a tendency toward increase in the number of streptomycin- 
sensitive strains of Proteus and Pseudomonas. On the other hand, the 
incidence of streptomycin-sensitive coli-aerogenes organisms remains rela- 
tively unchanged. As pointed out by Alexander,’ the rate of resistant 
mutants is so low for Hemophilus, Escherichia coli, and Shigella that they 
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| igni e of resistance to 
cannot be expected to play a significant role in emergence 
streptomycin. The converse is true of Pseudomonas aeruginosa, Salmonella, 
and Proteus. Streptomycin, therefore, should still be eonpigerss favorably 
in treatment of pure E. coli infection. 


TABLE 2 
Cutture SENsItivity TESTING OF BACTERIA TO ANTIBIOTICS—STREPTOCOCCI 


1947-1948 1949-1950 (#5 
~ Total no. cultures 
120 a 
Penicilinet see: Me ere ee eee 60% 61% 
Streptomycin........ 1... sees ee ee ee 46% ne 
(AUreOmy Clie aid. eae ee ue 
Chloromycetin 0-2-2 oer ae 
SRerramy Cia. eecmiesee = cere atte erie % 
Hemolytic 
Total no. cultures 
147 76 
Penicillin’... <3,edeteiees eee ere 61% 87% 
Strep Lomiy Cin try ay. eto eae eee 46% 24% 
AUITeCOMY CIs iets cues se ate 83% 
Chloromyceting sac. tae see 96% 
Perera myelin. oan tate eee 797% 
TABLE 3 


CULTURE SENSITIVITY TESTING OF BACTERIA TO ANTIBIOTICS—Proteus 


1947 1948 1949 1950() 


Total no. cultures 


19 17 47 41 
olvaniyxiti sass .ctets, o arave greene 45% 
Streptomycin tac com cheno 26% 29% 50% 61% 
IAMPEODDY CHL, «5... .crcacecsasunt 12% 0% 
CHiOrOMyeetin'. <: stew, o cea | 715% 
ARES wet oekifc NW Bee yRE oe Wy: ot fe 26% 


Our incidence of chloromycetin-sensitive Pseudomonas and Proteus or- 
ganisms is higher than in other reported series. That aureomycin and 
terramycin may have different mechanisms of action is suggested by dif- 
ference in sensitivity of Proteus to the two drugs. Resistance is not yet a 
clinical problem with aureomycin and terramycin, but we have noted the 
emergence of Gram-positive cocci and Gram-negative bacteria resistant to 
chloromycetin, and it has been reported in the literature.?- 
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2. Nature of the Lesion. Surgical infection may be manifested as either 
invasive infection or wound suppuration.*® Included among bacteria capable 
of producing invasive infection are the hemolytic streptococcus, the hemo- 
lytic Staphylococcus aureus and the toxigenic Closiridia. Pure Gram-nega- 


tive or mixed infection may be present in urine, bile, and cerebrospinal 


fluid, as well as in the peritoneal or thoracic cavity. To be effective, chemo- 
therapy must be combined with free flow in the fluids mentioned and with 
free drainage in the cavities. As was pointed out earlier, more than 70 
per cent of Gram-positive organisms are susceptible to penicillin, and even 


TABLE 4 
CuLTURE SENSITIVITY TESTING OF BacTERIA To Antiprotics—Pseudomonas 


1947 1948 1949 1950 (#3) 


fee eee ee ee 
Total no. cultures 


41 24 124 100 

Polymyzin. .......---+-+--++- 82% 64% 66% 

Streptomycin: ........-..++-- 17% 12% 36% 48% 

AUITEOMIYCIMS es 25 2s cee toes 48% 27% 

Chloromycetin...........---- 712% 

SREtraAMYCUR cece - cn are 38% 
TABLE 5 


CuLTuRE SENSITIVITY TESTING OF BACTERIA TO ANTIBIOTICS—Coli-aerogenes 


1948 1949 1950 (#5) 


Total no. cultures 


43 Ze; 51 
Streptomycin......-.-- +++. 05+++> 67% 607% oe 
Aureomycin.....0----e2 sere reese | 60% oer 
i ea ae 0 
Terramycin......-++-.--+:> oot 


Chloromycetin.......-----+---++: 


terramycin-, and chloromycetin-sensi- 
tive. Invasive or spreading infection will resolve with little or no necrosis 
if the appropriate antibiotic is given early. Incision and drainage are re- 
served for small fluctuant areas and for the occasional case of massive in- 
flammation requiring decompression. ‘The period of optimal response 1s 
seldom in excess of three days, although longer periods of treatment are 


often necessary. 
In wound suppur 


greater numbers are aureomycin-, 


ation, the bacterial flora may be more often heterogene- 
ous than monobacterial, and Gram-negative bacilli of the coliform group 
may be prominent. It is of importance to recall that wound suppuration 
is perpetuated by blood clots, devitalized tissue, and serum, and that bac- 
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teria will thrive back ‘of obstructive barriers arid in scar tissue. Dead and 
contaminated tissue will undergo decomposition regardless of the amount 
and number of antibiotics and regardless of whether they are administered — 
systemically or locally. Incision and drainage, arrest of hemorrhage, de- 
bridement, removal of foreign bodies, protection against secondary. con- 
tamination, rest, and immobilization play the major role in management 
of wound suppuration by bringing about conditions unfavorable for bac- 
terial proliferation. Antibiotics are merely junior partners to these princi- 
ples. Their functions may be defined as (1) aiding and abetting body 
defences; (2) halting invasive infection and extension of necrosis; and, 
therefore, (3) shortening the period of drainage and wound healing in prepara- 
tion ‘for early conversion to a closed wound. 

Chronic suppuration is primarily a surgical problem of excision of all 
compromised tissue. The function of antibiotics is protection against in- 
vasive infection into contiguous structures incident to extirpation of the 
focus of infection. 

3. Contact between Bacteria and the Antimicrobial Agent. All the anti- 
biotics, after parenteral administration, reach the blood-stream, the kidney, 
the urine, the peritoneal cavity, and the soft tissues in bacteriostatic con- 
centrations. Small amounts of penicillin, streptomycin, and chloromycetin. 
are excreted, but not concentrated, in the bile. Aureomycin and terra- 
mycin are excreted in the bile in somewhat greater concentrations. It is 
noteworthy that inactivation of chloromycetin occurs in the liver, for which 
reason it is probable that low concentrations of the active form of drug are 
recovered in bile. The therapeutic implications are obvious. With im- 
paired liver function, antibiotic excretion is lowered. Penicillin and strepto- 
mycin, and probably the other antibiotics, enter the gall bladder by way 
of the cystic duct. In the presence of obstruction, no activity can be demon- 
strated in the contents of the gall bladder.* It is not surprising, there- 
fore, that antibiotics have not proved of value in the treatment of acute 
cholecystitis and empyema, since these conditions are usually associated 
with obstruction of the cystic duct. In cases of acute cholangitis asso- 
ciated with obstructive jaundice, the obstruction must be eliminated and free 
drainage established before these drugs can be expected to overcome an 
infecting organism in the biliary tract. It is important to remember that 
antibiotics do not diffuse readily into brain and bone, and that diffusion 
into the cerebrospinal, synovial, pleural, and pericardial fluids is slow and 
always in much lower concentration than in the blood. For this reason, 
larger doses parenterally may be necessary for treatment of infections’ in- 
volving these systems. The orally administered streptomycin, aureomycin, 
terramycin, and chloromycetin are excreted in high concentrations in the 
feces and produce varying degrees of suppression of coliform bacteria. 

Antibiotics differ in respect to diffusion, and their usefulness is further 
limited by the fact that therapeutic concentrations are accomplished only 
via the bloodstream. Obviously, where there is no blood supply, as in 
gangrene, or when there is a very poor blood supply, as in necrotic or fibrotic 
tissues, a large abscess, or in tissue surrounding foreign bodies, few if any 
beneficial effects can be expected from their use. 
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antibiotic therapy necessary to abort an infectious process increases with 


the severity and duration of the disease. As an average adult dose, 1 or 
2 cc. daily of procaine penicillin G, alone or combined with regular peni- 
cillin G in a 3:1 ratio in water suspension, provide adequate tissue concen- 


trations for the common cellulitides. Penicillin G in aqueous solution, 
150,000 to 300,000 units intramuscularly every eight or every twelve hours, 
is also feasible, practical, and safe. The average dose of streptomycin for 


acute infections is 1 gm. intramuscularly every 12 hours; half this amount 


is given if it is necessary that therapy be extended beyond 14 days. Aureo- 
mycin, chloromycetin, and terramycin are given almost exclusively by 


_ mouth, beginning with an average 2 gm. priming dose followed by 0.5 to 


0.75 gm. every 6 to 8 hours. In peritonitis and fulminating infection, or 
in any condition in which the oral route is barred, aureomycin and terra- 
mycin are given intravenously. The dosage is 0.5 to 1.0 gm. dissolved in 
sodium glycinate diluent and given twice daily. 

In clinical practice, many staphylococci, streptococci, and clostridia will 
be exposed to insufficient in vivo concentrations of penicillin following the 
above mentioned dosage. On the proper indications, we prefer to rely on 
a continuous intravenous drip to provide high blood levels, and employ 
500,000 to 1,000,000 units in a liter of fluid twice daily for this purpose. 

It is also worthwhile, in the serious case, to take advantage of the over- 
lapping activities of antibiotics and give two useful drugs together for their 
possible additive or synergistic effects and more universal diffusion. The 
following indications are suggested for combined therapy’ 

' (a) Fulminating infections. 

“(b) Mixed or polybacterial infections. 

(c) Infections caused by bacteria of only moderate sensitivity to the 
agent of choice. 

‘(d) Chronic infections in pathologically altered tissues, in which the 
diminished blood supply affords the opportunity for drug resistance 
to develop because of the low effective titers achieved by a single 
antibacterial agent. 

(e) Infection by intracellular organisms. 

(f) Acute infections in which an optimal response is not obtained with 
maximal doses of a single agent after 48 hours of therapy. 

It should be emphasized that a combination of drugs, with full doses of 
each, should be used initially on these indications and not after failures with 
one or more of them. This is especially important in bacterial infections 
in which drug fastness is known to occur readily. Antibiotic therapy should 
be continued until all symptoms and signs of infections have disappeared 
or until the temperature and pulse have been normal for at least 24 hours. 
If the drugs are withdrawn too soon, relapse of infection may occur. . 

5. Resistance of the Host. Antibiotics im vivo are primarily bacteriostatic 
in action. There is ample clinical and experimental proof that the final 
destruction of a significant proportion of invading organisms depends, in 
most instances, upon the combined action of the antimicrobial agent and 
the natural defences of the host.2 In the untreated patient, the progress 
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of the disease depends upon the ability of the host to localize infection and — 


The result can therefore be measured in terms of tissue sacrifice, impairment 
of function, and time-consuming loss from work or activity. In other 
words, a patient may recover completely without sequelae, except perhaps. 
for scar tissue formation, or he may go into a state of symbiosis with the 
infecting organism (chronic infection) and have recurring acute exacerba- 
tions of the original infection or ultimate complete resolution. It is note- 
worthy that the purpose of antibiotic therapy in necrotizing infection is to 


neutralize the invading bacteria and their damaging effect upon tissues. 


take the patient out of the invasive phase and establish him in the symbiotic 


hase. 
‘ Nutritional and metabolic disturbances influence recovery from infec- 
tion. Blood and protein deficiency has been shown not only to impair 
antibody formation but also to lessen the phagocytic powers of leukocytes. 
‘The impaired resistance of diabetic patients to infection is well known. 
The need for supportive therapy whenever it is indicated is, therefore, just 
as urgent with chemotherapy as without it. e. 

6. The Possible Alteration of Bacterial Flora during Antibiotic Therapy. 
It has been frequently observed that, during the course of treatment with 
an antibiotic, a change in bacterial flora may occur.’® Under these circum- 
stances, the pathogens sensitive to the antibiotic in use disappear or become 
less numerous, and other organisms may appear in large numbers and cause 
a new infection. Such changes are apt to occur particularly in the throat, 
the tracheo-bronchial tree, and the lungs and in body surface or body-sur- 
face-connected wounds. In order to detect the presence of added infec- 
tions, the importance of frequent clinical observations of the patient is 
therefore obvious. It should be supplemented by careful, repeated bac- 
teriologic examinations before and during treatment and by protection 
against added infection by contamination during treatment. 

7. Toxic Reactions. None of the antibiotics under discussion is com- 
pletely innocuous. Side effects, or toxic reactions, are of two general types: 
sensitization reactions, which can occur with any of the drugs, and dosage- 
related effects, the incidence and severity of which vary with the agent em- 
ployed. 

Sensitization reactions are relatively uncommon when the patient is given 
a drug for the first time, but, with succeeding courses of treatment, the 
probability of hypersensitization is increased in respect to both incidence 
and severity. Unfortunately, there is no way of predicting which patients 
will react to treatment in this manner, although a previous allergic history 
and previous administration of the drug are important clues. The present 
incidence of allergic reactions to aureomycin, chloromycetin, and terra- 
mycin is low. This is not surprising, since the majority of patients prob- 
ably are receiving treatment with them the first time. The incidence of 
clinical allergic reactions to penicillin is between 1 and 2 per cent. The 
reaction rate increases with the magnitude of the dose (for which reason, the 
rate is higher with oral than with parenteral administration of a drug) and 
the duration of therapy. It is always highest with topical application. 


‘dosages are given orally or intramuscularly, On 
1ecal injection may, like the direct cortical applica- 
streptomycin, lead to convulsive phenomena of 


od ee 


= 


a an unknown m anism. 
 -, Toxic reactions to streptomycin are more frequent and considerably more 7 
_ hazardous than those attending the use of penicillin. Their incidence and 
severity increase in direct proportion to the size of the dose and the dura- 
tion of administration. The incidence of skin eruptions of various kinds 
‘ig about 5 per cent. Far more important, however, is the fact that the 
daily administration of 40 mg./kg. of body weight (that is, about 3 gm.) 
to an adult results in vestibular dysfunction in virtually all patients at the 
__ end of three weeks of treatment. Dosages of 20 mg./kg. (1-1.5 gm.) daily 
_ or less cause this type of reaction in fewer than 10 per cent of the patients, © 
even though they may be given the drug for much longer periods of time. 
Obviously, whenever long courses of treatment are indicated, the dosage 
of streptomycin should be kept at or below 20 mg./kg. (that is, 1 gm.) per 
day. Dihydrostreptomycin, in the same dosage, may be useful in the occa- 
sional case of tuberculosis in which there is hypersensitivity to streptomycin. 
The most troublesome reactions reported for aureomycin, chloromycetin, 
and terramycin are nausea and vomiting, sometimes associated with epi- 
gastric distress and with a burning feeling in the rectum. The use of 
aluminum hydroxide to alleviate these symptoms is contraindicated be- 
cause it would interfere with absorption of the antibiotic into the circula- 
tion2! The use of plain or chocolate milk instead of water to swallow the 
capsules will usually permit ingestion of these drugs without accompanying 
gastrointestinal distress. One peculiar effect of the administration of these 
drugs, which results from the bacteriostatic action on the bacteria of the 
bowel, is the production of soft, bulky, frequent, and almost odorless stools. 
Mucous membrane changes of varying degrees, which may also complicate 
therapy, are attributed to destruction of intestinal bacteria and local al- 
terations of bacterial flora. As a rule, patients who cannot tolerate aureo- 
mycin by mouth experience no unpleasant effects when it is given intra- 
venously. None of these three drugs is acceptable in its present form for 
intramuscular, intrathecal, or aerosol administration. Occasional patients 
exhibit mild transient euphoria after large doses of chloromycetin, and 
some experience difficulty with the muscles of accommodation. Leukopenia, 
which is very infrequent, shows spontaneous reversal even in the face of 
continued administration of the drug. 
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The Use of Antibiotics in Surgery 


The use of antibiotics in the more common surgical septic conditions may 
be classified as prophylactic and therapeutic. Antibiotics are widely and 
frequently used for prophylaxis against infection. Their widespread use 
on this indication attests to their safety (TABLE 6), but it by no means certifies 
to their efficacy as routine prophylactic aids against infection. Controlled 
studies defining the prophylactic usefulness of antibiotics are few, and more 
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precise definition is urgently needed. We suggest the following as possible 
indications for antibiotic protection against impending infection: Mie 
(1) Thoracic, alimentary tract, or urologic surgery in patients with organic 
heart murmurs. - : : eg fone Pe 
(2) Surgery of the clean-contaminated wound. . woe 
(3) Intestinal bacteriostasis before resection. = ia 
(4) Transplantation of ureters to bowel. » Cea rade Se 
(5) Pneumonectomy for suppurative disease of lung. oi 
(6) Surgery of localized tuberculous lesions. 


TABLE 6 nf . 
REsuLts OF 58 SURGICAL INFECTIONS TREATED. WITH ‘TERRAMYCIN ee foe 


Par 


Good Doubtful 


Diagnosis Total cases response response 


No response’ 


r 


(Cellulitis ances tactsctin circled oes 
Cellulitis with abscess. ....+... 
Infected laceration. .......... 
Human bite infection......... 
Multiple furuncles............ 
Carbuncleree ek seen eee 
Superficial abscess. 2... ....... 
Breast abscess.) ain sees 
Cervical actinomycosis........ 
Peritonitis aceiaae toot eS 
perforated appendix.... 5 
gunshot wound of abdo- 
ACT ee ee eee aL 
knife wound perforation 
Ofintestiness messes el 
perforated peptic ulcer 
and subhepatic ab- 
SCESSt Seat eae, Eee 
perforated sigmoid di- 
MentiCulUte en eed ai J 
Gasiganerenee. cise mn ote 1 abet: 
Herpes zoster. aera 3 | 3 ‘ 
Acute hemolytic streptococcal 
osteomyelytis of tibia 1 ce 
Infected third degree burn. ... .| 2 2 


rae 


CNR UN WR WAL 
J 


CONF UNM WR WAYS 


SOREL rats Bit cannon secon 58 | $3 0 bye 


(7) Prolonged labor with instrumentation. 

(8) Agranulocytosis. + 8 1 

The time to administer parenteral antibiotics prophylactically in surgery 
is when the preoperative medication is given, to allow for perfusion of the 
tissues with optimal amounts of the agent selected. Even in these condi- 
tions, routine use of antibiotics is hardly justified. They should be reserved 
for selected cases as dictated by judgment and clinical appraisal of the in- 
dividual case. Antibiotics are solely adjuvants to surgical competency. 
Their indiscriminate use will not compensate for careless technique or dis- 
regard of surgical principles. The introduction of antibiotics into’ the 


indications include 
sinha s, postoperative wound infection, respiratory tract infection, 

: alimentary tract infection, and urinary tract infection. Treatment of 
established infection follows the principles already elaborated. With afore- 
Z _ hand knowledge of the causal organisms, from the laboratory or by implica- 
tion through clinical diagnosis, the proper antibiotic is selected and ad- 
ministered in doses sufficient to provide bacteriostatic concentrations at 

the site of infection. Penicillin is still the drug of choice for Gram-positive 
: infections, while aureomycin, chloromycetin, and terramycin are reserved 
-__. for infections caused by penicillin-resistant staphylococci and enterococci _ 
and for patients with an idiosyncracy to penicillin. Chloromycetin and 
streptomycin are the only drugs effective against typhoid fever and tuber- 
culosis, respectively. Streptomycin is still a useful drug against E. colt, 
Shigella, and Pasteurella tularensae infections. Proteus and pyocyaneus in- 
fection are likely to be susceptible only to chloromycetin and streptomycin. 

Antibiotics, it must be reiterated, are most effective in acute infections 
characterized by cellulitis. For example, early chemotherapy in carbuncles, 
lymphangitis, erysipelas, Ludwig’s angina, acute secondary parotitis, hema- 
togenous osteomyelitis, and septicemia may resolve spontaneously under 
their influence, without incision for decompression, or with only drainage of 
fluctuant areas through minimal incision. As a result, the mortality and 
morbidity and the length of the hospital stay have been materially reduced 
by their use. 

Staphylococcal or mixed infections in sutured wounds require special 
consideration. These wounds should first be reopened by removal of the 
sutures and their edges spread apart with a hemostat. They are then en- 
larged adequately to the size of the cavity, loosely packed with gauze, and 
carefully dressed so as to avoid the danger of secondary infection. When 
; the wounds are clinically clean, they may be secondarily repaired. In 
-- human bites, the results are very good if the patient can be seen early, but, 

‘¢ treatment is started late and there is already joint involvement present, 
drainage is required and the process is much prolonged. Antibiotics reduce 
the invasive character of these infections. 

Antibiotics have proved of little value in the management of tetanus, but 
experimental evidence supports their prophylactic and therapeutic use to 
control secondary infection and pneumonia. Large doses of penicillin are 
employed in gas gangrene to prevent spread of the infection after amputa- 
tion or fasciotomy and muscle resection. Infection in penetrating wounds 
of joints can be treated safely by immobilization and large doses of anti- 
biotics. Aspiration and replacement of pus with an appropriate antibiotic 
to supplement parenteral administration is often useful. 

Postoperative infection of the respiratory tract may follow massive col- 
lapse, aspiration, or trauma. Prompt diagnosis, bronchial aspiration with 
reaeration of the lung, and chemotherapy will usually correct atelectatic 
pneumonia in a few days. Aureomycin, terramycin, and chloromycetin 


x 
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are apparently fully and equally effective and are probably preferable to 


penicillin because of their broader spectra. Early pulmonary abscess is 
usually greatly benefited by antibiotic therapy, which, by diminishing local 
inflammation, may enable evacuation through the bronchi. Surgery is re- 
served for the patient who does not respond to antimicrobial therapy and 
for the patient with a chronic abscess. Z 

The best treatment of peritonitis is prevention. Successful treatment of 
established peritonitis is dependent upon prompt diagnosis and early opera- 
tive repair or removal of the primary source of infection. The use of aureo- 
mycin or terramycin intravenously with peiticillin is usually more effective 
than any of these agents used singly. Abscess-formation is a common sequel 
and requires frequent examination and constant vigilance. 

In addition to the measures employed routinely in elective surgery, we 
consider preoperative intestinal antisepsis of value, particularly in left colon 
surgery. Three agents are reliable intestinal antiseptics when used in con- 
junction with low residue diet and enemata: (1) sulfathalidine in a dosage of 
0.1 gm./kg./day for three to five days; (2) streptomycin with glucuronolac- 
tone, 2 gm. each daily for two to four days;? and (3) neomycin, 4 to 6 gm. 
daily for three days. 

Urinary tract infection is usually caused by coliform organisms, for which 
aureomycin, chloromycetin, and terramycin are generally effective. Chlo- 
romycetin is especially valuable against Proteus and Pseudomonas infection. 
It is reiterated that permanent beneficial effects are dependent upon a free 
flow of urine. 

The traditional urge to use antiseptics topically with the intent of con- 
trolling surface infection has remained unchecked. Antibiotics have merely 
replaced antiseptics for this purpose. The reasoning is that these applica- 
tions provide concentrations of drug not likely to be obtained by the paren- 
teral route of administration. Because of limited penetrability of the agents 
employed, it is open to question whether such a practice is effective in 
reaching the plane of active infection.’ This is especially true when there 
is profuse drainage, abundance of necrotic tissue, or deep-seated fistulae. 
Perhaps the most that is accomplished is wound irrigation and toilet. These 
advantages, however, are more than offset by the risks of sensitization re- 
actions to the drug and of added infection incident to frequent dressings. 


Therapeutic Failure 


In conclusion, antibiotics have an important place in the field of surgery. 
In combination with his knowledge and skill, antibiotics used on proper 
indications permit the surgeon effectively to bring under control problems 
compromised by infection. In his concentration on the disease complex, 
however, the surgeon should not lose sight of the patient as a whole. Fail- 
ure to obtain results is not necessarily to be scored as drug failure but may 
be explained by any one of the following causes: susceptible organisms (use 
of wrong antibiotic); drug resistance (in streptomycin therapy); inadequate 
dosage; added infection (dressing inoculation); far advanced disease; debili- 
tation of patient (failure to treat patient as a whole); inaccessibility of the 
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lesion to antibiotics; and above all, blind reliance on antibiotics as a sub- 
stitute for established time-honored surgical principles. As Sir Alexander 
Fleming has well said, “antibiotics simply attack the bacteria—the surgeon 
must treat the patient.” 
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DISCUSSION 


_ Champ Lyons 
University of Alabama School of Medicine, Birnanetom Alabama ~~ te 


Col. Pulaski has summarized the surgical use of antibiotics so well that 


anes is little to add, except by way of emphasis. 


- The surgical evaluation of an antibiotic must await laboratory and clinical 
appraisal of the types that have been reported in the monograph. En- 
couraging clinical results have been reviewed. Terramycin is effective in 


pneumonia, certain specific infectious diseases, and infections of the urinary © 


tract. No significant toxic effects have been identified. It is fitting that 
terramycin should now be tried in surgical infections. This will require 
time, because numerous variables exist in the type of surgical oo 
where new antibiotics are apt to prove most useful. 

- Especially, it is desirable to evaluate terramycin in the treatment of 
peritonitis, putrid empyema, and bronchopulmonary suppuration. Ex- 
perience to date leads me to believe that the principle of mixed treatment 
with two or more drugs should be adopted. This viewpoint is validated by 
the large numbers of bacteria present. It seems reasonable that two drugs 
used together will more nearly effect complete coverage and reduce the 
likelihood of leaving behind a minimal infective dose of drug-resistant 
bacteria. The trend toward mixed treatment with combinations of drugs 
has emphasized combinations of penicillin, streptomycin, and sulfonamides. 
Although such a mixture has readily demonstrable superiority over penicillin 
alone, the nephrotoxic qualities of sulfonamides have been a deterrent in the 
treatment of severely ill patients with suppressed renal function. More 
recently, it has been recognized that penicillln and aureomycin together are 
more effective than other drug combinations in the treatment of the usual 
type of peritonitis. 

I should like to emphasize another point mentioned by Col. Filaskt 
Surgeons are returning to the intravenous route as the method of choice in 
administering antibiotic therapy. This is preferable to the intramuscular 
route whenever peripheral circulatory failure is likely, i.e., in toxemic 
infections, following prolonged radical surgery, and in post-traumatic 
oligemia. Oral therapy carries with it the risk of poor absorption following 
major gastrointestinal tract resections or during the period of post-operative 
ileus. In addition, many surgeons are reluctant to add a strongly acid or 
alkaline drug to the succus entericus during the phase of healing of an in- 
testinal anastomosis. Indeed, the surgical evaluation of chloramphenicol 
has been seriously retarded by the fact that, up to the present time, the 
drug has not been available in a form suitable for parenteral use. 

This should not in any way discredit the therapeutic potentialities of 
chloramphenicol in surgical infections. As soon as parenteral therapy is 
possible with this drug, it should find wide usage. There is another point 
I should like to mention about chloramphenicol—the clinical response to 
treatment with this drug is often superior to that suggested by bacterial 
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- EXPERIMENTAL STUDIES ON THE ANTIRICKETTSIAL 

ate ik PROPERTIES OF TERRAMYCIN* est 

By John C. Snyder, Raymond Fagan, E. Buist Wells, Homer C. Wick, 
and Judith C. Miller 


Department of Public Health Bacteriology, Harvard University School — 
of Public Health, Boston, Massachusetts 


The wide spectrum of activity of the antibiotic, terramycin, and its 
apparently low toxicity have aroused considerable interest in its properties. 
In the original publication describing terramycin, it was stated that definite 
antirickettsial effects in the chick embryo had been demonstrated. The 
purpose of this paper is to present the data from experiments with chick 
embryos, mice, and cotton rats, testing terramycin against the rickettsiae of 
epidemic and murine typhus, Rocky Mountain spotted fever, rickettsialpox, 
and scrub typhus, and to report comparisons of terramycin with aureomycin* 
and chlorampenicol,’ both of which have striking antirickettsial properties. 


Experiments with Chick Embryos 


Methods. The following strains of rickettsiae were used: epidemic typhus 
(Rickettsia prowazeki)—the Breinl strain and the Madrid E-strain;* murine 
typhus (R. mooseri)—the Wilmington strain; Rocky Mountain spotted 
fever (Dermacentroxenus rickelisi)—Long Island strain;* rickettsialpox (R. 
akari)—the MK strain;® and tsutsugamushi disease (scrub typhus, R. 
isutsugamushi)—the Karp strain.” 

These strains were maintained in serial egg passage by Cox’s technic.* 
Seed pools were shell frozen and stored in sealed glass ampoules at —72° C. 
as 50 per cent yolk sac suspensions in a medium containing sucrose, 0.218 M; 
KH>PO,, 0.00376 M; KzHPOu,, 0.0071 M; potassium glutamate, 0.0049 M; 
pH, 7.0. For convenience, this medium is referred to as “sucrose PG.’’® 

Preliminary titrations of serial ten-fold dilutions in sucrose PG were 
made with each infected yolk sac pool to determine roughly the dose for 
seven-day-old chick embryos which contained at least 10°LD,o!° in a volume 
of 0.2 ml. This dose was then used to infect the eggs in the various trials 
with each strain. A smaller titration of the infectivity of the challenge was 
usually included in each test as a check. After 7 days in the hatcher (38° 
to 39° C.), the eggs were inoculated into the yolk sac, usually in groups of 
16 to 24 eggs. They were then kept at 35°C. until the experiments were 
terminated, 12 days after infection. Deaths in the first 72 hours after the 
infecting dose were regarded as traumatic and were not considered in the 
tabulations. For the purpose of comparison, all eggs which were alive on 
the 12th day after infection were considered to have died on the 13th day. 
The mean day of death (MDD) of the untreated eggs was calculated, and 
this value was subtracted from 13.0, the maximum possible day of death in 


* This work was supported by the Chas. Pfizer and Co., Inc. Research Laboratories and by a grant from 
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¥ our tests. The difference was taken to represent the maximum possible — 
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_ prolongation of life (MPPL). In each test, the efficacy of the various dos- 


ages of terramycin, aureomycin, and chloramphenicol was evaluated as 
follows: the MDD of the untreated controls was subtracted from the MDD 


- of each treated group; the difference, representing the mean prolongation of 


life of the embryos, was divided by the MPPL to give the relative proportion 
of the MPPL achieved by the particular dosage. This is referred to as PR 
in the tables, a value of 0.0, representing no effect, and a value of 1.0, the 
maximum effect in this type of test. 

Another calculation from the data was made for purposes of comparison. 
This was the dose of drug which permitted survival of half the embryos in a 
-group to the 12th postinfection day. This figure is referred to as the PDso 


~ and was obtained by the method of Reed and Muench.” 


In most of the tests, the drugs were injected into the yolk sac of the eggs 
approximately 30 minutes after the infecting inoculum. The eggs received 
only one dose of drug, which was contained in 0.2 or 0.4 ml. The infected 
untreated controls were inoculated with sterile diluent of the same volume 
as the treated eggs. Usually, an additional group of eggs received drug but 
no infection. 

In order to determine the relation between concentration of drug and 
extent of multiplication of rickettsiae in the yolk sac membrane of the chick 
embryo, experiments were begun as described above. At appropriate 
intervals after infection, four yolk sac membranes of living embryos were 
taken from each group, suspended in sucrose PG by shaking with glass 
beads, and titrated by the inoculation of serial ten-fold dilutions into normal 
seven-day-old embryos. Using the standard 12-day observation period, 
we determined the mean day of death of groups of 6 or more eggs inoculated 
with the serial dilutions. On the assumption that at least one living rick- 
ettsia is required to kill the embryo, we estimated the number of rickett- 
siae per gram of yolk sac membrane in the treated and in the untreated 
groups. Such estimations are admittedly rough and cannot be expected to 
reveal differences smaller than ten- or twenty-fold. However, the eggs in 
such titrations were checked by smears to prove the absence of bacteria and 
presence of rickettsiae. Consequently, this method does provide informa- 
tion on rates of multiplication when differences in rickettsial content are 
100-fold or greater. 

Antibiotics. ‘Terramycin was available for these tests in three different 
forms: amorphous material, crystalline hydrochloride, and sodium salt. In 
most of our tests in chick embryos, we used the crystalline hydrochloride, 
which was dissolved in distilled water and sterilized by filtration through a 
glass filter immediately before inoculation. Although some loss of activity 
of terramycin may occur during filtration, this was ignored. The dosages 
cited are based on the concentration of terramycin prior to filtration. 
Aureomycin wa’ available as crystalline hydrochloride in sterile vials. It 
was dissolved in appropriate volumes of sterile nutrient broth just before 
use. It was not filtered. Chloramphenicol was dissolved in distilled water 
just before use and was not filtered. 
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Typhus rickettsiae. Tastes 1 and 2 contain the data obtained in two 

experiments with terramycin and the Breinl strain of epidemic typhus. © 


There were no survivors among the control eggs, which received test doses 
of approximately 10? to 10° LDso. Two of the uninfected control embryos 


So LaBrie? t 


prowazeki, BREINL STRAIN 


Experiment A — 


: Multiples o Ratio: Sey 
TDs in : Terramycin* survivors to M sie ee of PRt 
Inoculum total 
ug./egg 
0 1,000 4/6 10.8 
10° 1,000 1/12 8.5 38 
10° 300 8/12 11.5 “30 
108 100 11/14 11.7 "32 
10° 30 5/12 8.2 “34 
10" 0 0/17 5.7 
10" 0 0/6 6.5 
10° 0 0/6 4:2 


* Terramycin HCl, Lot #270. ; . 
+ See text for explanation of figures in this column. 


TABLE 2 


Errect oF TERRAMYCIN ON SuRVIVAL OF CuIck Empryos Inrectep witH Rickettsia 


EFFECT OF TERRAMYCIN ON SURVIVAL OF CHICK EmBryos INFECTED WITH 
Rickettsia prowazekit, BREINL STRAIN 


Experiment B 
Multiples of Ratio: 
LD5o in Terramycin* survivors to cone oe of PR 
inoculum total e 
ug./egg 

0 300 4/10 liek 
104 300 11/19 i Wise? 81 
104 100 15/18 1201 .87 
104 30 1/16 9.5 .49 

104 0 0/16 6.3 

103 0 0/10 bea 

10? 0 0/10 9.1 


* Terramycin HCI, Lot #270. 
{ See text for explanation of figures in this column. 


in the 1000 wg. group died (TABLE 1). 


Furthermore, 11 of 12 infected 
embryos which were given this same dose of drug succumbed. Since 
rickettsiae were not found by smear in the dead eggs, we assumed that 
1000 ug. of terramycin has a delayed toxic effect. With doses of 300, 100, 
and 30 ug. per egg, however, it is apparent that the survival rate and the 


prolongation of mean day of death both indicate a favorable therapeutic 
response. 
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DAY OF INFECTION 


Figure 1. Terramycin versus Breinl strain of epidemic typhus in chick, embryos. The points represent 
the log of the number of viable R. prowazeki per ml. of undiluted yolk sac membrane as determined by titra- 
tion of serial ten-fold dilutions in chick embryos. 


The delayed toxic effect of 1000 yg. of terramycin for seven-day-old chick 
embryos was confirmed in several trials. Occasionally, a dose of 300 pg. 
was also toxic as, shown in TABLE 2, but, when we received more highly 
purified batches of the antibiotic, the survival rate in uninfected embryos 
was as high with 300 ug. of terramycin as with diluent alone. This is 
apparent in subsequent tests with Rocky Mountain spotted fever and 
rickettsialpox. 

The PDs values for terramycin in experiments A and B were 125 and 60 
ug. per egg, respectively. Values from two additional experiments with the 
same strain were 109 and 79 ug. per egg. ‘The mean of four trials was 93 
ug. per egg against 10* to 10° LDyo. If we assume that terramycin diffuses 
uniformly into the water in the various tissues of the chick embryo and that 
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it remains active during the interval of these trials, then a dose of 93 ug. 


per egg would give a conc sntration of 2 to 3 wg. per ml. : 
Two experiments were performed with strain E and one with murine 


typhus which gave results essentially like those in TABLES 1 and 2. The 


PDyo of terramycin for strain E was 60 ug. per egg in one trial; the endpoint 


was not obtained in the second. In the experiment with murine typhus, 


the PDso of terramycin was 270 ug: per egg. 

Rocky Mountain Spotted Fever. In TABLE 3, the data are recorded from 
experiment C with Rocky Mountain spotted fever. The challenge dose was 
approximately 10° LD in this trial. Terramycin, as the amorphous free 
base, was dissolved in sterile buffer; the solution was not filtered. A definite 
prolongation of survival time was noted at 30 ug. peregg. Values of PR 
were 0.83 and 0.78 at 100 and 300 ug. per egg. The PDso was 159 ug. 


TABLE 3 


Errect of TERRAMYCIN ON SURVIVAL OF CHICK EMBRYOS INFECTED WITH 
Rocky Movunraty SPOTTED FEVER 


Experiment C 


Multiples of | Ratio: 
LD5o in Terramycin* survivors to aster of PR 
inoculum total 
ug./€88 
0 300 7/10 11.6 
106 300 11/19 110 78 
106 100 | 9/17 1125 83 
106 30 0/17 6.1 22, 
106 0 0/19 4.2 
104 0 0/10 5.6 
108 0 0/10 6.4 
i Z 


* Lot #230-021 dissolved in sterile buffer; lot # 230-063; not filtered. 


An estimate of the effect of terramycin on multiplication of D. rickettsi 
was made by including additional eggs for titrations at the beginning of 
experiment C. The results are plotted in FIGURE 2, which indicates that 
multiplication of D. rickettsi was inhibited slightly by 30 ug. and definitely 
by 100 wg. The eggs in the 300 yg. groups had 10* D. ricketisi per gram of 
yolk sac membrane on days 1 and 3, but, on day 5, the number of viable organ- 
isms fell to 10%. Apparently, a dose of 300 yg. of terramycin per egg thus 
has not only an inhibiting action, but also a delayed rickettsicidal effect 
against D. rickeltst. 

The results of another trial with D. rickettsi are shown in TABLE 4. In 
this instance, the hydrochloride was used. Prolongation of survival time 
and increase in survival rate were clearly observed. The PDso in this test 
was 44 ug. per egg. 

Two further experiments were carried out with Rocky Mountain spotted 
fever rickettsiae. The results agree with those shown in TABLES 3 and 4. 
The PD,o was 66 in one trial and 106 in the other. The mean of the PD5o 
values of the four experiments with D. rickettsi was 94 ug. per egg, essentially 
the same as the mean for the experiments with R. prowazeki. 
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Rickettsialpox. Two experiments were performed with the MK strain of 
rickettsialpox. The data are tabulated in TABLES 5 and 6. The effects of 
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Ficure 2. Terramycin versus Rocky Mountain spotted fever in chick embryos. The points represent 
the log of the number of viable D. rickeitsi per ml. of undiluted yolk sac membrane as determined by titration 
of serial ten-fold dilutions in chick embryos. 


TABLE 4 


EFFECT OF TERRAMYCIN ON SURVIVAL OF CHICK EmBRyOs INFECTED WITH 
Rocky MouNTAIN SPOTTED FEVER 


Experiment D 


Multiples of Ratio: 
LD m Terramycin* survivors to pee of PR 
inoculum total 
pg./egg 
0 -300 6/6 13.0 
105 300 16/19 12.4 BOS 
10° 100 14/15 Qik 97 
105 30 8/18 11.6 84 
105 0 0/20 4.2 
104 0 0/5 4.7 
108 0 0/7 Lys! 


* Terramycin HCl, Lot #433-50A. 


terramycin on survival rates and prolongation of survival 


time are similar 
to the effects noted above with typhus and spotted fever. The PDs values 
for rickettsialpox were 69 and 30 in experiments E and F. These figures 
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suggest that terramycin is slightly more effective in chick embryos against 
this microorganism than against R. prowazeki and D. rickettst. 
Tsulsugamushi Disease. At the time our trials with terramycin were being 
conducted, the strains of R. tsutsugamushi in our laboratory were behaving 
somewhat irregularly in chick embryo tests. The data showed a thera- 
peutic effect of terramycin, but, since several untreated embryos survived 


TABLE 5 
Errecr or TERRAMYCIN ON SURVIVAL OF Cuick Empryos INFECTED WITH 
RICKETTSIALPOX__ 
Experiment E 
Multiples of Ratio: 
LD5o in Terramycin* survivors to M ie of PR 
inoculum total 
pg./egg 
0 300 11/13 1125 
10° 300 10/14 11.4 .16 
10° 100 11/14 Zr .86 
10° 30 3/12 12.0 .85 
10° ' 10 0/12 8.7 Fo5 
10° 0 0/14 6.4 
104 0 0/6 has 
103 0 0/7 He 
* Terramycin HCl, Lot #433-50A. 
TABLE 6 


Errect or TERRAMYCIN ON SURVIVAL oF CHIcK EmMBRyOs INFECTED 
WITH RICKETTSIALPOX 


Experiment F 


Multiples of Ratio: 
LD 50 in | Terramycin* survivors to hai ae of PR 
inoculum total pa 
| ng./egg 
0 300 13/16 12.4 
10° 300 11/13 1259 .89 
108 100 10/13 122 87 
10° | 30 10/15 il ey nal 
10° | 0 0/16 6.9 
104 | 0 0/8 7.4 
10° | 0 0/8 9.8 


* Terramycin HCl, Lot *433-50A. 


for 12 days after receiving more than 10° lethal doses for mice, further experi- 
ments with R. tsutsugamushi were carried out only in animals as reported 
below. 

Comparison of Antibiotics in Chick Embryo Testis. In order to compare the 
antirickettsial effects of terramycin, aureomycin, and chloramphenicol, tests 
were performed in which two of the three substances were administered to 
groups of embryos, all of which were infected with the same inoculum on the 


- 
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same day. Limitations of space prevented simultaneous titration of all 
three antibiotics at once. Technical details of the comparative trials were 
essentially as stated above for terramycin. 


TABLE 7 


PDso* VALUES FOR TERRAMYCIN, AUREOMYCIN, AND CHLORAMPHENICOL IN CHICK 
EmBry0s INFECTED WITH VARIOUS RICKETTSIAE 


Mean PDs values, ug./egg 


Ricketisial infection a ee ee Se 
Terramycin Aureomycin | Chloramphenicol 
Mpidemie typhus....<.. .. <: ...<..+ 93 185 218 
? BRANES TEA eemeet eae cas cos pac: 94 410 > 1000 
i. Rickettaiaiporss ie wis ot ge eo a os 50 210 | 
* See text. 


+ Rocky Mountain spotted fever. 
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Ficure 3. Aureomycin versus Rocky Mountain spotted fever in chick embryos. The points represen 
the log of the number of viable D. rickettsi per ml. of undiluted yolk sac membrane as determined by titration 


of serial ten-fold dilutions in chick embryos. 


Three experiments were done with the Breinl strain of R. prowazeki 
comparing aureomycin and chloramphenicol. Groups of 12 to 20 eggs were 
used for challenge doses of 1034, 1084, and >10°. The PDso values for 
aureomycin were 162, 211, and 182 ug. per egg. For chloramphenicol, the 
values were 210, 302, and 142 ug. per egg. These figures suggest that 
aureomycin is somewhat more active against R. prowazeki than 1s chlor- 
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ces 
amphenicol. Two experiments were done comparing terramycin and 
aureomycin and two comparing terramycin and chloramphenicol. The 
results are summarized in TABLE 7, which shows the mean PDs values for 
the three antibiotics. It appears that the mean PDs for terramycin is 
smaller than that for aureomycin. 

Similar comparisons were made with Rocky Mountain spotted fever. 
The mean PDs values were 94 mg. for terramycin, 410 yg. for aureomycin, 
and somewhat more than 1000 yg. for chloramphenicol. 

Against the agent of rickettsialpox, only terramycin and aureomycin were 
tested. TABLE 7 indicates PDso values of 50 yg. for terramycin and 210 ug. 
for aureomycin. These values are the mean of two experiments only. _ 

The effect of terramycin on the multiplication of D. rickettst was pre- 
sented in Experiment C, TABLE 3 and FiGURE,2. In this same experiment, 
aureomycin was tested simultaneously. . The results are plotted in FIGURE 
3, which indicates that a dose of 300 yg. per egg had a temporary inhibitory 
effect on multiplication but that there were roughly 10’ D. rickettsi in the 
aureomycin-treated eggs-on the fifth day. This value is smaller than that 
observed in the control eggs, but the difference is only of borderline statistical 
significance. 


Experiments with Animals 


Methods. Terramycin and aureomycin were administered to cotton rats 
or white mice either by injecting solutions parenterally or by mixing the 
substances in the diet. The tests included epidemic typhus in cotton rats, 
murine typhus in white mice, and tsutsugamushi disease (scrub typhus) in 
white mice. 

Results. Epidemic Typhus. Five experiments were performed with the 
Breinl strain of R. prowazeki in which 10 to 50 certainly fatal doses were 
administered to groups of 4 to 12 cotton rats by intracardial injection. 
Terramycin was given subcutaneously, intra-abdominally, intracardially, or 
orally. The sodium salt, the hydrochloride, and the amorphous free base 
were used. The results indicated that the maximum dosage which was 
tolerated by noninfected cotton rats failed to protect the infected animals 
in this type of test. The dosages ranged up to 200 mg. per kilogram of 
cotton rat administered once daily, in the groups receiving drug by injection. 
The oral intake was roughly estimated to be 100 to 200 mg. per kilogram 
of cotton rat per 24 hours. Therapy was begun on days zero, 1, and 2. 
In spite of failure to obtain survival of terramycin treated cotton rats, there 
was a Statistically significant prolongation of survival time when therapy 
was begun within 24 hours after the infecting inoculum. 

In a single experiment comparing terramycin and aureomycin by intra- 
abdominal inoculation, the maximum tolerated dose of aureomycin protected 
6 of 8 cotton rats against approximately 10 certainly fatal doses of R. 
prowazeki, whereas none of the rats survived which received the same dosage 
of terramycin by the same route. 

Murine Typhus. Two experiments were performed with white mice and 
R. mooseri. In neither experiment, however, were we able to obtain a 
uniformly fatal infection in our control groups, and the data consequently 
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are unsatisfactory. Terramycin as the sodium salt was injected intra- 
venously once daily on the second, third, and fourth day after the challenge 
dose of R. mooseri was administered intra-abdominally. The mice were 
observed for 12 days. Nine of ten mice receiving only terramycin survived. 
The dosage was 50 mg. per kilogram of mouse. A survival rate of 5 out of 
25 was observed in the infected, untreated mice which received control 
inoculations intravenously. The control inoculations were comparable to 
the drug solutions in volume, pH, electrolyte content, and timing. The 
terramycin-treated mice had a survival rate of 22 out of 26. The results 
were similar in the second experiment, in which drug was administered 
subcutaneously once daily. 

_ Tsutsugamushi Disease. Several experiments were performed with the 


- Karp strain of scrub typhus. The results of two experiments are shown in 


TABLE 8. In these trials, terramycin was administered in the diet. It is 
difficult to state the amount ingested per mouse, but, on the assumption 


TABLE 8 


Errect OF TERRAMYCIN BY ORAL ROUTE ON SURVIVAL OF WHITE Mice INFECTED 
INTRA-ABDOMINALLY WITH TSUTSUGAMUSHI DISEASE* 


Ratio: survivors to total 
Terramycin} 
Expt. 1 Expt. 2 
None Mee es tae a He ects hee oio 6 Font auell 0/20 0/20 
i Brora enh agen iy SN eee eee ae 17/20 | 18/20 
Sent eet Paar 14/20 | 7/20 
i Sd ta hey es a en 19/20 | 19/20 


In both = no infection 10/10 


* Titration indicated that the mice received somewhat more than 105 LDoo. pares ae f 
+ Terramycin HCl Lot #433-S0A, given from 3rd through 19th day. Concentration in diet adjusted to 
give approximately 50 to 100 mg. per kilogram of mouse per 24 hours. 


that the entire daily ration of dry fox chow containing the drug was con- 
sumed in equal shares by the mice in the cage and that the drinking water 
was also equally shared, the maximum dosage per kilogram of mouse per 
day was 50 to 100 mg. In the tests shown in TABLE 8, the drug was begun 
77 hours after the challenge dose of R. tsutsugamushi was administered and 
continued through the 19th day. The survival rates represent the status on 
the 40th day of the test.. It is apparent that terramycin, either in the chow 
alone (35/40) or in chow and drinking water combined (38/40), has a striking 
therapeutic effect against more than 10° LDzo of R. tsutsugamushi. A few 
of the survivors in the terramycin-treated groups were sacrificed approxi- 
mately 2 months after the original infection. Kidney suspensions were 
inoculated into normal white mice, which succumbed in 10 to 15 days. 
R. tsutsugamushi were easily demonstrable in the peritoneal exudates. 
The remainder of the survivors were uniformly immune to a challenge dose 
of approximately 10° LDso of the homologous strain. : 
TABLE 9 presents two experiments testing aureomycin and terramycin 
against the Karp strain of R. tsutsugamushi in white mice. The drugs were 
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administered in identical concentrations in the chow and in the drinking 
water from the 3rd through the 13th postinfection day in experiment 3 
and from the 3rd through the 19th postinfection day in experiment 4. The 
survival rates were read on the 40th postinfection day. It is clear that 


‘both aureomycin and terramycin are striking in their effects on the survival 


of mice infected with R. tsutsugamushi. No attempt was made to determine 
the PDs for terramycin and aureomycin in our studies with white mice. 


In Vitro Effects of Terramycin 


The experiments in chick embryos reported above suggest that terramycin 
has therapeutic activity in concentrations of a few micrograms per mile Tt 
was considered of interest to determine whether, in this concentration range, 
terramycin has a direct rickettsicidal action or neutralizing effect on the 
toxic properties of living rickettsiae. Yolk sac suspensions of R. prowazeki 
in sucrose PG were mixed with various concentrations of terramycin and 


TABLE 9 


Errects oF AUREOMYCIN AND TERRAMYCIN BY THE ORAL ROUTE ON SURVIVAL OF 
Wate Mice INFECTED INTRA-ABDOMINALLY WITH TSUTSUGAMUSHI DIsEASE* 


Ratio: survivors to total 


Drugt 
Expt. 3 Expt. 4 
None nee 5 ratte oe iain Geen alee ieee 0/20 0/20 
Aurecmycine ras. oace eek t-te 18/20 20/20 
T erramyCitter styvasienise hele eee 19/20 18/20 
Aureomycin: no infection............. 10/10 
Terramycin: no infection............. 10/10 


* Titration indicated that the infected mice received somewhat more than 10§ LDso. Expt. 3: treatment 
from 3rd through 13th days. Expt. 4: treatment from 3rd through 19th days. 

Drugs were administered in dry chow and in.the drinking water; concentrations were adjusted to give 
approximately 50 to 100 mg. per kilogram of mouse per 24 hours. 
then incubated for one hour at 30°C. The pH was 7.0 to 7.1. Control 
suspensions at the same pH and electrolyte content were incubated for the 
same period. The mixtures and the control were transferred to an ice 
bath at 0°C. Serial three-fold dilutions in sucrose PG were injected into 
white mice by the intravenous route. The LDs values for R. prowazeki 
after contact with terramycin at 10 and 30 micrograms per ml. for one hour 
were the same as the controls. The endpoint of infectivity for chick embryos 
was likewise the same for control and terramycin-exposed suspensions. 
Similar results were observed with R. mooseri. Furthermore, when aure- 
omycin and chloramphenicol were examined by this method, no direct in 
vitro effect was apparent after one hour at 30° C. in concentrations up to 30 
micrograms per ml. 

It is of interest to note that Dr. Wong in Dr. Herald Cox’s laboratory 
observed a reduction of the toxicity of typhus rickettsiae for white mice using 
higher concentrations of aureomycin.4! We have found definite differences 
in the response of typhus rickettsiae to high concentrations of terramycin, 
aureomycin, and chlorampehnicol, as regards not only toxicity and in- 
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fectivity but also metabolic activity. These observations will be reported 


elsewhere.” 
; ¥ Discussion 

Terramycin has a definite effect in prolonging the survival time of chick 
embryos infected with various rickettsiae. In dosages of 300 ug. per egg, it 
suppresses the multiplication of R. prowazeki and D. ricketisi, and against 
the latter it may possibly have a rickettsicidal action. The amounts re- 
quired to protect half the embryos in a group for the 12-day observation 


‘period (PDs) were smaller for terramycin than for aureomycin and 


chloramphenicol. The relative effectiveness of aureomycin and_ chlor- 
amphenicol in our tests is in agreement with the observations of Wells and 


Finland on psittacosis infection in chick embryos.” 


Terramycin and aureomycin both protected mice against a severe chal- 
lenge dose of R. tsuisugamushi. In cotton rats infected with epidemic 
typhus, however, we were unable to obtain survival with terramycin under 
the conditions as described. Several factors may be involved, such as more 
rapid excretion of terramycin by the cotton rat, conversion to inactive forms, 
and so forth. Since aureomycin was effective against experimental typhus 
infection in cotton rats, we assume that the terramycin and aureomycin may 
be different in their mode of action against rickettsiae. This assumption is 
supported by the studies of Karp and Snyder on oxygen uptake of typhus 
rickettsiae in the presence of glutamate when relatively high concentrations 
of aureomycin and terramycin are involved.” 


Summary 


Terramycin has antirickettsial properties in experimental infections in 
chick embryos and mice. Gravimetrically, terramycin is somewhat more 
active in chick embryos than aureomycin or chloramphenicol. Survival of 
cotton rats infected with epidemic typhus was observed with maximum 
doses of aureomycin but not with terramycin. In concentrations of a few 
micrograms per ml., no effects on toxicity or viability of typhus rickettsiae 
were detected after short periods of direct contact with terramycin, 
aureomycin, or chloramphenicol. 
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‘TERRAMYCIN AS A RICKETTSIOSTATIC AGENT AND ITS 


___- USEFULNESS IN PATIENTS WITH SCRUB TYPHUS* 


____ By Joseph E. Smadel, Elizabeth B. Jackson, and Herbert L. Ley, Jr. 
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Department of Virus and Rickettsial Diseases, Army Medical Department Research and 
Graduate School, Washington, D. C. 


The new antibiotic terramycin' has been found to have a beneficial effect 
in combating infections caused by several of the rickettsial agents.7~* The 
present report is concerned with the use of terramycin and other antibiotics 
jn experimental infections with Rickettsia tsutsugamushi, R. burneti, and 


__R. ricketisii and, also, with the therapeutic activity of terramycin in Malayan~ 
patients suffering from scrub typhus. 


Materials and Methods. The efficacy of terramycin as a rickettsiostatic 
agent was compared with that of certain other antibiotics in chemothera- 
peutic tests employing infected embryonated eggs and mice. These tech- 
niques, which have been extensively used in our laboratory, are described 
in detail elsewhere.®:* Unless stated to the contrary, the test substance 
was administered to a group of 24 six-day-old embryonated eggs by injec- 
tion into the yolk sac and followed one-half hour later by inoculation of 
infectious material. Therapeutic effect in such experiments was estimated 
on the basis of prolongation of life of treated embryos as compared with 
controls. In order for the results to be considered significant, the dif- 
ference between the mean age of death of embryos in the test and control 
groups had to be at least 2.5 times its standard deviation. Egg-adapted 
lines of the Gilliam strain of R. ‘stusugamushi, the Henzerling strain of R. 
burneti, and the Bitterroot strain of R. rickettst were used in this portion of 
the work. The sodium salt of terramycin was employed throughout most of 
the studies with embryonated eggs, but other forms of the drug (base and 
hydrochloride) were tested in certain instances described elsewhere in the 
paper. These materials were supplied by Charles Pfizer and Company. 
Lot 120021 of chloramphenicol and Lot 7-9022-B of aureomycin hydrochlo- 
ride for parenteral use were provided by Parke, Davis and Company and 
Lederle Laboratories, respectively. 

Mice injected by the intraperitoneal route with the Karp strain of R. 
tsutsugamushi were treated orally during specified periods after infection 
with the sodium salt of terramycin. The animals were given the designated 
daily amount of antibiotic dissolved in their drinking water. 

Results. Therapy of Experimental Rickettsial Infections. The results 
summarized in TABLE 1 indicate that the three salts of terramycin which 
were used in the treatment of embryonated eggs infected with scrub typhus 
were effective in prolonging the lives of the embryos. This was true for 
all three, even in the smallest dose tested (0.016 mg.). The prolongation 
of life in the embryos receiving this smallest amount of the hydrochloride 
was significantly greater than in those receiving the sodium salt. On the 
other hand, the hydrochloride was not significantly more active than the base 
in this particular test. There was no appreciable difference in the efficacy 
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Ficure 1. Delayed treatment in scrub typhus infected eggs. (Terramycin Hydrochloride 0.016 mg. 
egg. 

Terramycin hydrochloride was effective in delaying death of embryos | 
even when it was administered as late as 72 hours after inoculation with R. 
tsutsugamushi. Experimental data which substantiate this statement are : 
presented in FIGURE 1. Here, the accumulated deaths among the embryos 

| 
4 


‘ a 8 Smadel et al.: Terramycin and Scrub Typhus 
ae plotted against the day of death after infection. The graph shows that” 
: embryos in the control group began to die on the fifth day and that none 
4 survived beyond the 11th-day. In contrast, none of the embryos treated 
one-half hour before infection with 0.016 mg. of terramycin died until the 


a = aa, 


12th day, and half of the group were still alive when the experiment was 
terminated on the 14th day after infection, which was the 20th day of 
incubation and about the time for hatching. The curves for the groups 
treated 24, 48, and 72 hours after infection lie between that of the controls 
and the group treated prior to infection. Nevertheless, they approach the 
latter more closely than the former. 

A series of experiments was next performed in which, in a given test, 


_-yarying amounts of terramycin, aureomycin, and chloramphenicol were 


administered to eggs infected with T. isutsugamush, R. rickets, or R. 
hurneli. ‘The results of these studies are summarized in FIGURES 2 and 3. 
In these charts, certain of the data are not statistically significant. These 
are shown by open circles and represent results obtained with the lowest 
doses of the antibiotics. 

The graphic data in FIGURE 2 indicate that both R. tsutsugamushi and 
R. rickettsii respond in a rather comparable manner to all three antibiotics. 
Furthermore, each of these rickettsial agents is appreciably inhibited in 
its growth by smaller amounts of terramycin than of aureomycin, and, in 
each instance, smaller amounts of aureomycin than of chloramphenicol are 
required to elicit a given prolongation of life. 

Similar results were obtained with R. burneti, as is illustrated in FIGURE 
3. This rickettsia, however, required an appreciably greater dose of either 
chloramphenicol or aureomycin to elicit a significant inhibition of growth 
than was the case with the other two rickettsiae. It is noteworthy that 
R. burneli appears to be essentially as susceptible to small doses of terra- 
mycin as are R. tsutsugamushi and R. rickettsii. The data included in 
FIGURES 2 and 3 which are concerned with chloramphenicol and aureomycin 
are in general agreement with previous observations reported by ourselves 
and others.** 

Terramycin has a chemoprophylactic and chemotherapeutic activity in 
mice infected with R. tsuisugamushi. The results of one of the tests are 
summarized in TABLE 2. In this particular experiment, the LDso of the 
infectious material when titrated in normal mice was 10-7*. Practically 
all of the infected animals receiving 1.0 mg. per day of the sodium salt of 
terramycin by the oral route survived when the drug was administered 
daily from the first to the 21st day after inoculation. It is of interest that 
no deaths occurred among the treated mice in the group which were in- 
jected with the 10-3 dilution of infectious inoculum containing approximately 
108 lethal doses of rickettsiae. Other data in the table indicate that terra- 
mycin administered for a total of 12 days, covering the period from the day 
before inoculation through the 10th day after infection, did not induce a 
beneficial effect. On the other hand, treatment from the ninth to the 21st 
day did prevent death in the animals which received between 500 and 1,000 
lethal doses of R. tsutsugamushi. These results obtained with terramycin 
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FicuRE 2. Prolongation of life of embryonated eggs infected with R. tsutsugamushi or R. rickettsii when 
treated with varying amounts of terramycin, chloramphenicol, or aureomycin. 


are similar to the data reported earlier® for chloramphenicol used under 
comparable conditions. Furthermore, in the test summarized in TABLE 2, 
the effect elicited by 2.5 mg. of chlormaphenicol daily from the ninth to the 
21st day was essentially identical with that obtained with 1.0 mg. amounts 
of terramycin given over the same period. 
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Terramycin, like chloramphenicol,® has a rickettsiostatic rather than a 


A ns ae hee take pees : 
. rickettsiocidal action in mice infected with scrub typhus. All treated mice 
. ; in the experiment summarized in TABLE 2 developed obvious signs of illness 
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Ficure 3. Prolongation of life of embryonated eggs infected with R. burneti when treated with varying 
amounts of terramycin, chloramphenicol, or aureomycin. 


during the course of observation. ‘This was evidenced by ascites, roughness 
of the fur, and unkempt appearance. The animals which were treated from 
the first to the 21st day became obviously ill during the second week after 
‘noculation. Practically all of those which survived the experiment were 


sleek and healthy by the 21st day. 
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The persistence of rickettsiae in mice treated for three weeks 
was determined on the 35th day after infection. 


ually, and each spleen was inoculated into groups of four normal mice. 
Rickettsiae were isolated from 11 of the 12 spleens tested. The single 
negative result was obtained with tissue from an animal which had been 
inoculated with the 10~ dilution of rickettsial suspension. ; 
The present studies on experimental rickettsial infections may be sum- 


marized as follows. Terramycin is highly-rickettsiostatic. On a weight — 


basis, terramycin is more active than chloramphenicol or aureomycin in 
embryonated eggs infected with R. tsutsugamushi, R. rickettsii, and R. 
burneti. In mice infected with R. tsutsugamusht, the rickettsiostatic activity 
of terramycin compares favorably with that of chloramphenicol. 


TABLE 2 
ORAL TERRAMYCIN IN Mice INFECTED witH ScruB TyPHUS 
| 
Dose | Dilution of infectious inoculum : 
Drug oe Days given | Titer 
mouse a l0rs | 10 10) 105% 1057) 105° Oa 
ies \. he A 
Controls None 10/10,10/10 9/10 8/10.7/10 7/10 0/10); 1077-8 
Terramycin 1.0. | 1-21 post 0/10 2/10 1/10 0/10. <10°% 
Terramycin 1.0 |1 pre-10 post 7/9 |8/9 \10/10, Se 
Terramycin 1.0 | 9-21 post 8/10 6/10, 0/10) 10-6 
Chloramphenicol | 2.5 | 9-21 post | 9/10\4/ 10) 0/ 10, 1Ogt2 


Treatment of Patients with Scrub Typhus. Terramycin has been used in 
the treatment of patients with naturally acquired scrub typhus by the U. S. 
Army Medical Research Unit in Malaya. The methods employed in the 
selection, diagnosis, and general care of the patients were the same as those 
previously described in detail. Certain of the results are illustrated by 
the graphic records of three patients. 

FicurE 4 summarizes the results obtained in patient N-15, who was 
treated on the sixth day of scrub typhus with a single 3.0 gram oral dose 
of terramycin. This individual responded promptly to therapy, becoming 
afebrile within 15 hours. Convalescence was rapid, and the patient was 
discharged from the hospital on the 18th day after onset of illness. The 
diagnosis was proved by the demonstration of R. tsutsugamushi in the blood 
on the sixth day of illness, immediately before therapy was instituted. 
This patient had not developed a diagnostic increase in OX-K agglutinins 
by the 16th day after onset. 

It is of interest that 24 hours after terramycin had been given to patient 
N-15, at.a time when he was afebrile, it was still possible to demonstrate 
rickettsemia. However, rickettsiae were not recovered 48 hours after treat- 
ment. Persistence of rickettsemia in scrub typhus patients after the tem- 


Spleens from three of the 
surviving treated mice from each of the groups which had been infected _ 
with a different dilution of rickettsial suspension were harvested individ- 
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Ficure 4. Excellent clinical response in patient N-15 with scrub typhus following single 3.0 grams oral 
dose of terramycin. , 


one, had rickettsemia at the time treatment was begun. In addition, he 
also failed to show an OX-K antibody rise by the 18th day after onset of 
illness. ke 4 
The therapeutic results obtained in patient N-21, summarized in FIGURE 
6, were less satisfactory than those in the two persons already discussed. 
Patient N-21 was treated with a single 3.0 gram dose on the seventh day 
of illness, at a°time when rickettsemia was present. The temperature fell 
by lysis after treatment and reached a normal level about 48 hours after 
the single dose of antibiotic had been given. Low grade fever continued, 
however, and it was not until the 14th day that the patient became perma- 
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Ficure 5. Although patient N-24 became afebrile within 12 hours after a single 3.0 grams oral dose of 
terramycin, he had low grade fever during the succeeding 48 hours. 


At this point, the terramycin regimen was changed, and patients were 
now given an initial oral dose of 3.0 grams of the antibiotic, followed with 
eight doses of 0.25 gram at three-hour intervals during the succeeding 24 


hours. This amounted to 5.0 grams throughout the period of one day and 


corresponded to our usual dosage of chloramphenicol for scrub typhus pa- 
tients. 

Two of the patients who received this latter 24-hour regimen were British 
soldiers who contracted the disease while engaged in jungle warfare against 
Chinese communist bandits. Both were begun on terramycin on the fourth 


third 
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FIGURE 6. Patient N-21 was benefited by the single 3.0 grams oral dose of terramycin, but the effect was 
much less striking than in patients N-15 and N-24. 
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uneventful recovery. The diagnosis in each of these three patients was 
proved by isolation of R. tsutsugamushi from his blood. 

Experience with the use of terramycin in the treatment of six proved 
cases of scrub typhus may be summarized as follows. Terramycin was of 
distinct therapeutic value in this disease. In some instances, the clinical 
responses were as satisfactory as those obtained in similar patients treated 
with chloramphenicol or with aureomycin. On the other hand, in certain 
individuals, terramycin did not control the disease as promptly as one would 
expect either of the other two antibiotics to do under similar circumstances. 

Conclusions. Terramycin, like chloramphenicol and aureomycin, has an 
inhibitory effect on the growth of rickettsial organisms. In experimental 
infections in eggs, terramycin is more active, milligram for milligram, than 


either of the other two antibiotics. 
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gan ; By Harry M. Rose APRS 

Departments of Bacteriology and Medicine, College of Physicians and Surgeons, Columbia 
> University, and the Presbyterian Hospital, New York, N. Y. 

SS Preliminary experiments in December, 1949, indicated that a new anti- 
biotic, then designated as PA76, possessed antirickettsial properties. This 
antibiotic, now known as terramycin,' has since been employed in laboratory 

£ and clinical studies of infections caused by Rickettsia akari, the etiological 

__~ agent of rickettsialpox. The clinical manifestations of this disease and the 

laboratory findings, including methods for the isolation of R. akari from 

the blood of patients, have been previously described? and will not be re- 
stated here. The purpose of this communication is to present the results 
of experiments in which terramycin was compared with other antirickettsial 
agents in the treatment of mice and chick embryos infected with R. akart. 

Observations are also reported on the therapeutic effect of terramycin in 

four patients suffering from rickettsialpox. 


rad 


Methods of Study 


Drug Preparations. Aureomycin was supplied by the Lederle Laborato- 
ries Division, American Cyanamid Company; chloramphenicol by Parke, 
Davis and Company; and terramycin by Chas. Pfizer and Company. The 
antibiotics were dissolved in sterile distilled water to give the desired 
amounts in a volume of 0.5 ml. for the injection of mice and in a volume of 
. 0.2 ml. for the injection of chick embryos. The hydrochloride salts of 
= aureomycin and terramycin, buffered with sodium glycinate (pH 8.5-8.6), 
5 were employed in mice. In chick embryos, the same preparation of aureo- 
mycin was used, but the terramycin was in the form of the sodium salt 
(pH 8.5). The chloramphenicol was the crystalline fermentation product. 
All solutions were freshly prepared immediately before use. 

Para-aminobenzoic acid was administered to mice in their food. Four 
per cent of PABA by weight was mixed thoroughly with powdered Rock- 
land rat diet, and water was added to make a thick paste, which was then 
rolled into a thin cake, scored in small squares, and allowed to dry. The 
pellets thus obtained were used to replace the normal diet during the treat- 
ment period. 

Method of Treating Infection in Mice. White mice (Rockland Swiss 
strain) weighing 12-16 gm. were inoculated intraperitoneally with 0.5 
ml. of a dilution, in bacteriological broth, of finely-ground yolk sacs from 
chick embryos infected with the E. M. strain of R. akari. This inoculum 
contained approximately 2000 LDso, as determined by infectivity titrations 
in mice of a similar size. Treatment was started immediately after inocula- 
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Method of Treating Infection in Chick Embryos. Fertile hens’ eggs (White 
Leghorn) were incubated at 37.5°C. On the 8th day of incubation, groups 
of developing embryos were inoculated by the yolk sac route with 0.2 ml. 
of yolk sac passage material of the L. A. strain of R. akari. Immediately 
after inoculation, the embryos were injected through the same drill hole 
with the solutions of the antibiotics. The drill holes were sealed with a 
paraffin-vaseline mixture and the embryos were reincubated at a 
temperature of 35°C. The infected embryos were candled once or twice 
daily, and the deaths were recorded each day. Aerobic cultures on blood 
agar were made from all dead embryos, and smears of the yolk sacs stained 
by the Gram and Macchiavello methods were examined microscopically. 
Embryos which died less than 4 days after inoculation or which showed evi- 
dence of bacterial contamination were excluded from consideration. Each 
experiment was terminated on the 10th day after the embryos were infected, 
and the final results were recorded at that time. 

Management of Patients with Rickettsialpox. The patients were hospi- 
talized in the Presbyterian Hospital or Babies Hospital of the Columbia- 
Presbyterian Medical Center. Acute phase blood specimens were col- 
lected aseptically by venipuncture within 24 hours after admission and the 
sterile serums without added preservative were kept at 4°C. Specimens of 
convalescent serum were obtained from all patients from 3 to 9 weeks after 
the initial bleedings, and the paired serums were tested for specific rickett- 
sial antibody by a modification of the Kolmer method of complement fixa- 
tion.? 

Terramycin hydrochloride was administered orally to all patients in cap- 
sules containing 250 mg. of the antibiotic. The dosage schedules varied 
somewhat from patient to patient and are given in the individual case re- 
ports. No gastrointestinal disturbances or other side effects attributable to 
the treatment were noted. 

The patients were carefully observed throughout their hospital stay and 
rectal temperatures were recorded every 4 hours. Numerous routine labo- 
ratory examinations were performed, including blood counts and urinalyses, 
Mazzini tests, erythrocyte sedimentation rates, chest roentgenograms, and 
cultures of the throat and blood. For the sake of brevity, none of the routine 
laboratory findings are reported, with the exception of the leucocyte counts. 


Results 


Treatment of Infection in Chick Embryos. In TABLE 1 are presented the 
results of a representative experiment to determine the effect of terramycin 


. 
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on the survival rate of chick embryos receiving graded inocula of R. akari. 
Groups of 5 chick embryos were inoculated with decimal dilutions of yolk 
sac infected with the L. A. strain of R. akari. One such series of embryos 
served as controls. In another series, each embryo was injected with 1.0 
mg. of terramycin. The LDso of the inoculum was 10~*-° in the control 


embryos, but this was increased to 10!’ in the treated series, indicating 
that the antibiotic had a significant protective effect. BFC 


4 _ In other experiments, the therapeutic activity of terramycin was com- 
% 
4 


pared with that of aureomycin and chloramphenicol. Chick embryos were 
inoculated with 4000 LD, of the L. A. strain of R. akari in the form of 


TABLE 1 


a _. Errect OF TERRAMYCIN ON THE SURVIVAL Rate or Caick Empryos RECEIVING GRADED 
a Inocuta oF R. akari 


ran * 
Dil state of Terramycin Control 
spncaiaze Survived Died Survived Died 

“4931 fs 3 0 5 
102 4 1 0 5 
10-3 5 0 0 5 
10-* 4 i 2 3 
- 10-5 3 2 2 3 
10-8 3 1 4 1 

LDs 1071-9 4975.0 


a ee ee 


* Dose of terrmaycin = 1.0 mg. per embryo. 


TABLE 2 


EXPERIMENT 2: EFFECT OF TREATMENT ON SURVIVAL OF Cuick Emsryos INFECTED 
witH 4000 LDs oF R. akari 


Dose of drug in milligrams per embryo 


Drug ; PDs 
0.03 0.06 \ 0.125 | 0.25 | 0.5 1.0 


Apemnyeros 7. . naiss <7 2s + >| 10/10" 10/10 | 7/10 | 3/10 | 1/7 3/10 |. .223 
Ce chephonical 2 ft 10/10. 510/10 |. 10/10 9/10 | 4/10 | 7/10 | .775 
Perramy cin: 2 sete ee 7/9 7/9 2/9 | 3/10 | 4/9 | 4/10 | .156 


* Numerator = number of deaths; denominator = total number of embryos. 


yolk sac passage material. Groups of 10 embryos were then treated with 
from 0.03 to 1.0 mg. of the antibiotics. The results of two such experi- 
ments are shown in TABLE 2 and TABLE 3. Under the conditions stated, 
the PDs of terramycin was found to vary from 0,043 to 0.156 mg., while 
the PDs of aureomycin ranged from 0.161 to 0.223 mg. Both antibiotics 
appeared to be considerably more effective than chloramphenicol, which 
had a PDs ranging from 0.775 to 0.820 mg. These differences are even 
more striking when one considers that the molecular weights of aureomycin 
and terramycin are approximately 1.6 and 1.7 times greater, respectively, 
than the molecular weight of chloramphenicol. 

Treatment of Infection in Mice. Groups of 29 to 35 mice were treated 


—* 


“noted that Aer Aner tepanyel ae ‘virtually « L 
Is, regardless of whether treatment was begun immediate « 
infBction or was delayed for 1, 2, or 3 days. In contrast, both chlor- 
amphenicol and parmaninobentold acid failed to protect more than ea | 
thirds of the animals, even when. treatment was started immediately fol- | 
lowing infection, while only about 25 per cent of the animals survived when 
treatment was delayed for more than 24 hours. 


EXPERIMENT 3: Errect OF TREATMENT ON SURVIVAL OF CHICK Empryos INFECTED 
witH 4000 LDs5o or R. akari 


| 

TABLE 3 S, ; — | 
Dose of drug in milligrams per embryo | 

Drug ee eer | 
0.03 0.06 |0.125 | 0.25 0.5 1.0 = | 


SS Pe ick nan tear) LO/10*| 10/10 173/10 | 6 /400/10/10) hO/10n GE | i 
Chloramphenicol. eee... .| 10/10 | 10/10 | 9/10 | 10/10 | 7/10 | 5/10 | .820 
ARErramy Cin. of veku.e.caccor conceit 2/10, \p 2/10) e210 22 10 On On iesOas 


* Numerator = number of deaths; denominator = total number of embryos. 


TABLE 4 é; 
ErFreEcr or TREATMENT ON THE SURVIVAL OF Mick INFECTED witH 2000 LD; or R. akari | 


Interval after infection before start of treatment 


Drug 
0 hrs. 24 hrs. 48 hrs. 72 hrs. 
Aureomycin., . sy smile ri 1/33* 0/35 2/35 2/35 
Chloramphenicol. eee 12/35 17/34 26/34 26/34 
PABA.. Stee aera 13/32 21/35 23/33 25/33 
Terramycin. . Se ee ee 1/29 0/30 0/29 1/30 
Controle sa.e eae sae oe 29/30 


* Numerator = number of deaths; denominator = total number of mice. 


Treatment of Rickettsialpox in Man. Brief case reports are presented of 
four patients who were treated with terramycin. The temperature records 
and pertinent laboratory data are illustrated in the accompanying charts. 
Although the series is small, the rather uniform response to treatment would 
appear to indicate that terramycin exerted a beneficial effect in all of these 
patients. 

CasE No. 1. The patient, C. P., was a 31-year-old colored female who 
entered the hospital on February 24, 1950. Three days before admission, 
she observed a small red lesion on her neck, just over the larynx, which she . 
thought was a boil. She also noted enlargement and tenderness of lymph | 
nodes in the left lower cervical region. The following day, she began to | 
run a fever ranging to 102°F., and she developed frontal headache, malaise, 
hacking cough, and a slightly sore throat. These symptoms continued | 
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e face, back, and chest were : 
r, some of which showed slight vesicu- 
The heart and lungs were negative. 


was no enanthem. 
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Ficure 1. Chart of Case No. 1. 


The spleen was not palpable. 
with a normal differential. 

For the first 24 hours in the hospital, the temperature ranged from 101.0° 
to 104.2°F. Treatment with terramycin was then started, with an initial 
dose of 2.0 gm., followed by 0.5 gm. every 6 hours until 7.0 gm. had been 
given. The patient felt markedly improved about 12 hours after the first 
dose of terramycin, with a rapid disappearance of headache and malaise 
and a fall of temperature to normal. Thereafter, convalescence was un- 
eventful, and she was discharged from the hospital on March 1, 1950. The 


The leucocyte count was 4,900 cells per cmm., 
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rickettsialpox complement fixation test was positive ina serum dilution of 
1-16 on the day of admission; the titer had risen to 1-512 in a specimen of 
blood collected 24 days later. i 

CasE No. 2. The patient, G. G., was a 30-year-old white male who en- 
tered the hospital on February 25, 1950. He stated that his illness had 
begun approximately two days before admission with a sudden shaking 
chill and a rise in temperature to.106.0°F. During the ensuing 48 hours, 
he developed a severe frontal headache, nausea, pain in the back, and a 
tender lump in the right axilla. The fever continued and he had recurrent 
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FicureE 2. Chart of Case No. 2. 


shaking chills. On entry to the hospital, the patient appeared acutely ill 
and the temperature was 103.4°F. Physical examination disclosed an 
erythematous papule about 1.0 cm. in diameter on the upper inner surface 
of the right arm, near the axilla. This lesion showed no central vesicle 
or eschar. The right axillary lymph nodes were enlarged and tender. No 
secondary cutaneous eruption was evident. There was no enanthem. The 
heart and lungs were negative and the spleen could not be felt. The 
leucocyte count was 3,500 per cmm., with a normal differential. On the 
day after admission, however, a cutaneous eruption appeared, consisting 
of small erythematous macules and papules. Some of these lesions showed 
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definite vesiculation by the following morning, and the spleen tip was now - 
_ palpable. Meanwhile, the temperature fluctuated between 100.0° and 
° 104.0°F., and the patient’s condition was unimproved. Treatment with 
* terramycin was then begun with an initial dose of 1.0 gm., followed by 
oo lO gm. every 6 hours until a total of 16.0 gm. had been given. Following 
4 the institution of therapy, the patient improved rapidly, with disappearance 
i. 
> 
b 
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Fricure 3. Chart of Case No. 3. 


and a fall of temperature to normal within 24 hours. 
e was discharged from the hospital 
ation test on a speci- 
in a serum dilution 
blood obtained 22 


of headache and malaise 
Convalescence was uneventful and h 
on March 3, 1950. The rickettsialpox complement fix 
men of blood taken the day after admission was positive 
of 1-32; the titer had risen to 1-256 in a specimen of 
days later. 

CasE No. 3. The patient, G. G., Jr., was a white male aged 3 years and 
8 months (the son of patient No. 2) who entered the hospital on March 3, 
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FicureE 4, Chart of Case No. 4. 


| 
| 
above the left ankle. Scattered sparsely over the face, trunk, and ex- | 
tremities were a few erythematous macular lesions about 0.5 cm. in diame- 
ter. None of these showed any vesiculation. There was no enanthem. 
The heart, lungs and abdomen were negative. The leucocyte count was 
12,700 cells per cmm., with 90 per cent polymorphonuclear neutrophiles, 
9 per cent lymphocytes, and 1 per cent monocytes. Treatment with terra- 
mycin was begun 4 hours after admission, with an initial dose of 0.5 gm., 
followed by 0.25 gm. every 6 hours until a total of 2.5 gm. had been given. 


eventful and there was no evidence of a febrile relapse 
: symptoms. The rickettsialpox complement fixation test 
ve in a serum dilution of 1-128 on a specimen of blood taken 
e day of admission; the titer was 1-64 on a specimen of blood obtained 
9 weeks later. 7 
_ Case No. 4. The patient, H. D., a 47-year-old female, was admitted 
‘to the hospital on April 11, 1950. Four days before entry, she first noted, 
over the upper chest, a nonpruritic skin eruption which soon extended over 
“the face, trunk, and extremities. On the following day, she developed a 
severe frontal and vertical headache and began to run a fever, with tem- 
perature rising to 103.0°F. and intermittent shaking chills. On admission 
to the hospital, she complained of headache and malaise but did not appear 
a acutely ill, The temperature was 102.2°F. Physical examination revealed 
a cutaneous eruption consisting of erythematous papular and papulo- 
- vesicular lesions rather widely scattered over the face, trunk, and extremi- 
meties. A number of the vesicular lesions apparently had become desiccated 
and their centers were replaced by dark crusts. No primary lesion could 
be found. One erythematous lesion was seen on the right anterior tonsillar 
- pillar. The heart, lungs, and abdomen were negative. The leucocyte 
~ count was 4,100 cells per cmm., with a normal differential. Treatment 
* with terramycin was started 2 hours after admission, with an initial dose 
of 2.0 gm., followed by 1.0 gm. every 6 hours. After 24 hours, the dose 
was reduced to 0.5 gm. every 6 hours, and this was continued until a total 
of 12.0 gm. had been given. The institution of treatment was followed by 
the rapid relief of symptoms and a prompt fall of the temperature to normal. 
Convalescence proceeded uneventfully and she was discharged from the 
hospital on April 15, 1950. The rickettsialpox complement fixation test 
was positive in a serum dilution of 1-16 on a specimen of blood taken the 
day of admission; the titer rose to 1-256 in a specimen of blood collected 


5 weeks later. 


Discussion 


The results of the experiments in mice and in chick embryos leave no 
doubt that terramycin was therapeutically effective against infections with 
representative strains of Rickettsia akari. A similar type of conclusion can 
probably be drawn from the results obtained in the treatment of human 
infections, although the group of four cases is admittedly very small. The 
character of the symptomatic response of these patients and the rapid dis- 
appearance of fever following treatment with terramycin closely paralleled 


the effects seen in eight patients treated with aureomycin’ and three pa- 


tients treated with chloramphenicol.* 

Terramycin appeared to be slightly more effective than aureomycin, and 
both antibiotics were definitely superior to chloramphenicol in the treat- 
ment of experimental infections in mice and chick embryos. Whether 


this therapeutic relationship holds for the treatment of rickettsialpox in the 


pl ona 
_with psittacosis virus. Their o 


- 


Summary and Conclusion — 

Terramycin was an effective therapeutic agent against experim 
infections with Rickettsia akari in mice and in chick embryos. Under thi 
conditions of these experiments, terramycin appeared to be slightly more 
effective than aureomycin, while both antibiotics were more effective tha a 
either chloramphenicol or para-aminobenzoic acid. Ree 

Four patients with rickettsialpox were treated with terramycin. In each 
patient, the antibiotic appeared to exert a beneficial effect on the course 
of the disease. 
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"CLINICAL AND EXPERIMENTAL OBSERVATIONS WITH 

a TERRAMYCIN IN CERTAIN RICKETTSIAL AND 

= BACTERIAL INFECTIONS* 
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_—~«sz«~A. Hightower, M. J. Snyder, S. J. Venable, and T. E. Woodwardt 
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a4 ‘ 
4 The new antibiotic, terramycin, was shown by Finlay and associates’ 
“to possess remarkable antimicrobial activity and to be relatively nontoxic 
for laboratory animals. We have employed the antibiotic in experimental 
laboratory infections and in treatment of patients with different clinical 
conditions. The present report deals with clinical studies of Rocky Moun- 
tain spotted fever, murine typhus, pneumococcal infections of the lung 
and meninges, and Salmonella infections and with laboratory studies of 
rickettsial infections in embryonated eggs, as well as mouse tularemia. In 
view of the relatively small number of patients available for report, certain 
- of the results are to be regarded as preliminary. 


Rickettsial Diseases 


Rocky Mountain Spotted Fever. Initial tests were performed using groups 
* of 15 six-day embryonated eggs which were infected by the yolk sac route 
with a laboratory adapted strain of Rickettsia rickettsii. Inoculated eggs 
were treated by the same route 2 hours after infection with 1 mg. amounts 
of terramycin. The eggs were candled daily and the time of death of 
embryos noted. FIGURE 1 summarizes the results of the first experiment. 
It will be observed that 1 mg. of terramycin per egg significantly prolonged 
the life of infected embryos. 

Recently, we have had the opportunity to perform a similar experiment 
using 0.5 mg. amounts of terramycin. Results comparable to those ob- 
served with 1.0 mg. of terramycin were obtained. 

Report of Cases. Two children, aged 3 and 4 years, with Rocky Mountain 
spotted fever have been successfully treated with terramycin. Each pa- 
tient presented the typical signs and symptoms of the disease. The diagno- 
sis was confirmed in both by appropriate serological tests and in one case 
by successfully isolating R. rickettsit in guinea pigs. Treatment was insti- 
tuted on the 4th and 10th days of disease. The antibiotic was administered 
orally in doses of 1.0 gm. and 0.75 gm., initially, and 250 to 500 mg. every 
8 hours until the temperature reached normal. The response to treatment 
was striking, with amelioration of the headache and signs of toxicity within 
24 hours and return of temperature to permanently normal levels in 60 
and 48 hours. Convalescence was entirely uneventful. The responses in 


* This study was su orted by a grant from the Charles Pfizer and Company, New York, McCormick and 
Company, {yey porated, Baltimore, Maryland, and the Commission on Immunization of the Armed Forces, 


i i Board, Washington, D. er ‘ : 
Epidenoee Duotledae ee technical assistance of M. Sgt. Robert Helmhold, Miss Ann Merideth, and 


Miss Audrey Funk and to thank the members of the Medical and Pediatric staffs of the University Hospital 
for their assistance in the selection and management of the clinical material presented. 
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Cases 1 and 2, with graphic Spagna si ye) >ropriate 
laboratory findings, are given in FIGURES 2a an 2b. Oy re ee 

Pathe antibiotic ‘was tolerated reasonably well, although some nausea 2 ne 
vomiting developed in Case 1 and diarrhea appeared during the second — 
. day of treatment in Case 2. Terramycin blood levels obtained during the 
course of therapy ranged from 1.2 to 11 gamma/cc., mean 4.4 gamma/ cc. 
Murine Typhus Fever. Elsewhere in this monograph,* Dr. John Cc 
Snyder has presented the antirickettsial properties of terramycin, including — 
its effect against R. mooserj. We have had the opportunity to treat only 


om, 


q 


TERRAMYGIN 
LO MG. 


oOTAPMoO m<—APrcECO 
nr 


MEAN DAY OF DEATH 
UNTREATED 5.3 


TREATED — 103 | 


=-nuaanan® ood 


234567 8 9 IO ll 12 13 14 15 16 7 . 


DAY AFTER CHALLENGE 


FicuRE 1. Rickettsiostatic effect of terramycin in embryonated eggs infected with R. rickettsit. 


one murine typhus fever patient with terramycin. The patient, a 21-year- 
old Puerto Rican, was first observed on the 9th day of disease, when the 
principal symptoms were headache, nausea and vomiting, weakness, and 
general malaise. The temperature was 103.6 deg F. and pyrexia had been 
continuously present for the previous 9 days. A pink, macular rash was 
present over the trunk, buttocks, arms, and thighs. Terramycin was given | 
on the 9th day of disease, with an initial dose of 3.0 gm., followed by 1.0 gm. | 
every 8 hours for 3 days. A total of 12 gm. was given. Within 24 hours | 
after beginning specific therapy, : 
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there was clinical improvement, manifested 


st in the infected hen’s eg 
a Sa antirickettsial activity against | t 

oe a spotted er. Two patients with Rocky Mountain 

fever and one patient with murine typhus fever have responded 
to treatment. The administration of terramycin in these pa- 
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1—terramycin in treatment of Rocky Mountain spotted fever (early case). 


FicureE 2a. Case # 


tients was attended by mild gastrointestinal disturbances (e.g., nausea, 
vomiting, and diarrhea). 


Pneumococcal Pneumonia 


There are now a number of antibiotic drugs which are effective in pneu- 
mococcal and other bacterial pneumonias. Until further data can be 
accumulated, penicillin remains of foremost value in the treatment of 
pneumococcal pneumonia, although aureomycin® and chloramphenicol? * 
have demonstrated remarkable effectiveness. Furthermore, aureomycin 
and chloramphenicol are of benefit in other bacterial types, particularly in 


vensss, both in the bacterial and nonbact 
forms of pulmonary disease. 
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FiIcuRE 2b. Case #2—terramycin in treatment of moderately severe case of Rocky Mountain spotted 
fever. 


Terramycin was administered to 33 patients in whom a diagnosis of pneu- 
mococcal pneumonia was established on both clinical and laboratory evi- 
dence. During the course of this study, 20 other patients with pneu- 
mococcal pneumonia were treated with penicillin. In addition, the charts 
of 34 patients, who previously had been treated in University Hospital for 
pneumococcal pneumonia with penicillin alone, were analyzed. 

Selection of Cases for Treatment with Terramycin. In the 33 cases with 
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o ed pneumococcal pneumonia, the clinical diagnosis was established 
.: y the presence of fever, rapid respiration, toxicity, impaired pulmonary 
4 _ Percussion, rales, leucocytosis, and roentgen evidence of pulmonary infil- 
~ tration or consolidation. Patients of all age groups were treated. 

: Method of Laboratory Diagnosis. The following tests were performed 
4 routinely: blood leucocyte count, blood cultures, examination of sputum by 
zs. direct smear, and culture. In all of the terramycin series, Gram-positive 
_ diplococci were observed in large numbers of direct smear, and sputum 
4 cultures revealed pneumococci. In 10 instances, the Gram-positive diplo- 
cocci isolated proved pathogenic for mice. Because of lack of type specific 
i 


104 Patient T-! Male Age 21 
MURINE TYPHUS 


nm @mo DEM 


5-.90~ga77e4 


Rickettsiemia 
Proteus 0x|9 


0) O 


Ficure 3. Terramycin in treatment of murine typhus fever. 


serum, only 3 strains were typed, and they were found to be Types I, 
Ill, and V. Two patients had positive blood cultures (Types I and V). 

In order to establish a more definitive diagnosis, we considered the pos- 
sible etiological significance of certain viral agents. Accordingly, on all 
suitable specimens, the following tests were performed: complement-fixation 
test for Q fever, psittacosis-lymphogranuloma venereum, the agglutination 
inhibition test for influenza A, B and A’, and the cold hemagglutination 
and streptococcus MG agglutination test. Three patients of 25 studied in 
this series developed cold hemagglutinins titering 1:64 or above. Two 
of these same patients, as well as 2 others of 17 tested, developed agglutinins 
for streptococcus MG in the titer of 1:20. Of 15 patients examined, only 
2 displayed a diagnostic reaction for influenza A}, both of these showing an 
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ests, only 5 

raving a disease other pe of pneumococcal ori 
eeabie: that a dual infection was present in these. : 

In the penicillin- -treated group, pneumococci were isolated as the pre- 
dominant organism in 54 instances (100 per cent). Thirty-two of eas 
diplococci were typed. in 

Method of Treatment and Dosage. After the appropriate Gaeness studs 
ies had been initiated, terramycin was administered orally to adults in the 
dosage of 3.0 gm., initially, and 1.0 gm. every 8 hours until the temperature 
had been normal for about 2 days. Children received an initial dose cal- 
culated on the basis of 75 mg./kg., followed by daily doses of approximately 
50 mg./ es even at 8-hour intervals. 


TABLE 1 


EFrEect ON THE Fesrite Course oF PNEUMOCOCCAL PNEUMONIA TREATED WITH 
TERRAMYCIN AND PENICILLIN 


Terramycin Penicillin 

eos Number of x Number of o 

Patients Y patients s o 
0-23 8 25-0 30 5555 
24-47 10 30.3 5 ND) 
48-71 tl 21.2 6 alae 
72-95 2 6.1 2 Sei, 
96-119 2 6.1 4 a5 
120-192 3 9.0 3) 5.5 
No response 1 Si) 4 silos) 


The average dose of terramycin was 16.1 gm., given over a period of 5.5 
days. The principle evidences of toxicity were limited to the gastro- 
intestinal tract. Tests for hepatic, renal, and hematologic functions were 
determined, and no significant alterations were observed. 

Penicillin was administered to 54 patients with pneumonia who were 
hospitalized during and prior to the period of terramycin study. The 
average dose of penicillin per patient was 3.4 million units, administered 
over an average of 7.5 days. These patients were diagnosed as having 
pneumococcal pneumonia on the basis of the history, clinical course, physi- 
cal and X-ray examinations, leucocyte count, and the finding of pneumo- 
cocci as the predominant organisms in the sputum of all patients, These 
cases were not as exhaustively studied from the point of view of serological 
diagnosis as were those in the terramycin group. 


Clinical Results 


Effect on the Febrile Course and Clinical Condition. It will be noted in 
TABLE 1 that, in 25 of the 32 patients (76.5 per cent) treated successfully 
with terramycin, the temperature reached permanently normal levels within 


the terramycin set Tandy n-treated cases, the febrile 
ranged from 72 to 119 hours after instituting treatment, and, in 4 
ents, there was no obvious response to treatment. “ 

aa In both groups, the amelioration of the clinical symptoms actually ante- 
_ dated defervescence. In the terramycin group, there was decided improve- 
vy ment of toxemia, cough, and labored respiration within 24 to 48 hours. In 
10 patients, the clinical response was described as dramatic. Nine of 10 e 
_~ patients admitted to the ward in a critical condition made full recoveries. 

_ Furthermore, in this latter group, 6 patients gave a history of alcoholism 


os 


of the terramycin series. In 9 penicilli 
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TABLE 2 


RESULTS OF TERRAMYCIN AND PENICILLIN TREATMENT IN PNEUMONIA ACCORDING TO 
AGE OF PATIENT 


Terramycin Penicillin 
va Number of Number of 
umoer 0; umoer oO 
. sae Deaths ee Deaths 
‘a 0-10 6 0 6 0 
11-20 6 0 4 0 
3 21-30 8 0 10 1 
i 31-40 7 0 12 0 
ge 41-50 3 1 10 0 
A 51-60 2 0 8 0 
a 61-70 1 0 0 0 
J Over 71 0 0 4 0 
MeN fotl 8. .5.--s-...| 33 1 54 1 


in conjunction with the pneumonia, and 9 were jaundiced on admission: 
___ The course of disease in this group was more severe, the temperature reach- 
~ ing normal levels in about 56 hours and the sensorium clearing in from 2 to 
. 6 days. The one fatality observed in this group had concomitant al- 
coholism. 

Effect on Fatality. The limited number of patients treated does not allow 
a definitive statement on the mortality rate. As shown in TABLE 2, there 
was one death among the terramycin series. This patient, a 42-year-old 
colored male, died within 9 hours after institution of specific treatment and 
after 4.0 gm. of terramycin had been administered. The patient had been 
ill about 21 days before entering the hospital and, on admission, was found 
to be desperately ill. At autopsy, an extensive pneumonic process was 
noted in all lobes. The organism causing the disease in this case was 
Type III pneumococcus. 

There was one death among the penicillin-treated group. The man, 
aged 42 years, died after 4 days of treatment. D. pneumoniae, Types 11 
and 14, were isolated from this patient’s sputum. The course was com- 
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plicated by continued fever, hepatic insufficiency, and 


pneumonic process involving all lobes. 


Complications. Minor complications (see TABLE 3) occurred in 14 of the ; 
34 terramycin-treated patients (41 per cent) and in 12 of the 54 penicillin- 


treated group (22 per cent). In the terramycin group, the mean day of 
illness on which treatment was instituted was 4.9, whereas with the peni- 
cillin series it was 4.5. Among the complications noted in the terramycin 
group were delayed resolution in 3 patients and minimal pleural effusion in 
5 cases. In 2 cases, extension of the pneumonic process was observed 
during terramycin therapy. However, the’ clinical response was not ad- 
versely affected in either instance. Two patients developed signs of myo- 
carditis, which responded favorably to conservative measures. After an 
initial good response, one patient, 1 year old, developed a secondary infec- 
tion, which was manifested by fever, cyanosis, and productive cough on the 
4th day of therapy. Subsequent sputum examination revealed Proteus 


TABLE 3 
COMPLICATIONS OF PNEUMONIA AND RESULTS OF TREATMENT 


a 


Terramycin Penicillin 
Complications 
Number of Number of 

patients Ercaars patients — 
Relapse Gries gute ae erste sin eerie etalommer tae 0 0 3 0 
Delayed resolutions... .¢m.ace eee iat 3 0 0 0 
Pleural-eftusion esse se) ante reenter err 5 0 2 0 
Spreading pneumonia............-.++-+++- p) 0 a 0 
Miyocarditisis ci tue sielstistnmipecer nieitaieteleret os 2 0 1 0 
Stuperinfectioml vases ale cobetel otal tosh tel lentes 1 0 1 0 
UNS ee Sa ana. ou Ghyony cmon ASLO aS sa6 0 0 1 0 
INO: TESPONSE% «alg <uv:oue aba celedal le le iter thie 1 1 4+ 1 
thee Mer eh 1 12 1 


vulgaris. An uneventful recovery ensued after the institution of chlor- 
amphenicol treatment. It is noteworthy that none of the patients relapsed 
after discontinuing terramycin. 

Complications in the penicillin group were roughly comparable, with 
pleural effusion in 2 instances, evidences of myocarditis in one, skin rash 
in one, superimposed pneumonitis in one, caused by Hemophilus influenzae, 
and recrudescent disease in 3. Two relapses responded to further penicillin 
therapy. The third patient failed to improve after a second course of 
penicillin but responded favorably to aureomycin. There were 3 other 
patients who showed no response to penicillin. One of these died after 4 
days of treatment. The other 2 had satisfactory remissions after additional 
antibiotic therapy, sulfadiazine and terramycin, respectively. 


Pneumococcal Meningitis 


One patient with meningitis caused by D. pneumoniae was treated suc- 
cessfully with terramycin as the sole form of therapy. The patient, a 


progression of the 
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45-year-old Puerto Rican female, on the 4th day of a febrile illness, com- 
plained of severe frontal headache and vomiting. On the next day, she 
became stuporous and was found to be in a critical condition. In addition 


_ to the early coma, examination revealed a generalized spastic state and 


marked nuchal rigidity. Rales were heard in the right lung base, but, 
otherwise, there were no localizing signs. Type 23 pneumococci were 
isolated from the blood and spinal fluid. The initial spinal fluid revealed 


~ 250 WBC/cu.mm., all polymorphonuclear in type. Spinal fluid glucose 
_ was 7 mg. per cent. Terramycin was administered orally, with an initial 


dose of 3.0 gm. and subsequent doses of 1.0 gm. every 4 hours for 2 days, 
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Ficure 4. Terramycin in treatment of pneumococcal meningitis. 


at which time the dose was halved for an additional 2 days. A total of 
go gm. was administered over a period of 5 days. _The response to treat- 
ment was striking, and, within 36 hours after beginning specific therapy, 
the temperature reached normal levels. Twelve hours later, the sensorium 
was entirely cleared, and Po aie att was pear uneventful. The 
isease is presented graphically in FIGURE 4. 

ee ine oe Sf il rth fever and cough for 6 days, av eutee 
developed headache and delirium. There had been a pRcr, ey * 
pulmonary disease for a year. The man, when first seen, was oe yi : 
markedly dehydrated, and comatose. Initially, the spinal fluid showe 


numerous Gram-positive diplococci, which were cultured and identified as 
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-D. pneumoniae, Type 25. The spinal fluid white cell count was 175 per 
-cu.mm., predominantly polymorphonuclear. Terramycin was adminis- 
tered, with an initial oral dose of 3.0 gm. and subsequent doses of 1 gm. 
every 6 hours. Within 24 hours after instituting treatment, only a few 
bacteria were observed by direct examination, and, in 36 hours, both the 
‘direct smear and spinal fluid culture were negative. Blood terramycin 
levels in this patient ranged from 5.2 to 21 gamma/cc. Because of the 
desperate clinical condition, terramycin treatment was supplemented with 
penicillin, but it should be noted that penicillin was instituted only after 
the spinal fluid cultures were sterile. — Death occurred after 6 days of hos- 
pitalization, and it is noteworthy that, at autopsy, cultures taken from the 
base of the brain, the cerebral cortex, and ventricles were sterile. Examina- 
tion of the lungs revealed a malignant tumor which occupied approximately 
75 per cent of the lung field. 

Summary of Pneumococcal Studies. In summary, terramycin has been 
shown to be an effective antibiotic in arresting the course of pneumococcal 
pneumonia in 32 cases. One patient died before the antibiotic had an 
opportunity to act. The results obtained compare favorably with those 
achieved with penicillin. In adults, an initial dose of 3.0 gm., followed by 
doses of 1.0 gm. every 8 hours, has been found therapeutically adequate. 
This dosage has not been attended with significant ill effects other than 
those related to the gastrointestinal tract. One patient with pneumococcal 
meningitis treated on the Sth day of disease made a striking clinical and 
bacteriological response to terramycin. A second patient rendered bacterio- 
logically free of pneumococci in the spinal fluid succumbed to an underlying 
malignant process. 


Experimental Tularemic Infection 


The broad spectrum of effect obtained with terramycin, particularly 
against Gram-negative organisms, suggested comparison with streptomycin 
and chloramphenicol in experimental mouse tularemia. Under comparable 
conditions, mice were infected intraperitoneally with a standardized strain 
of B. tularense in dilutions from 10? to 107°. Immediately, subcutaneous 
therapy was started with the aforementioned antibiotics, in the following 
daily doses: terramycin, 3.0 mg.; chloramphenicol, 3.0 mg.; streptomycin, 
0.6 mg. The results obtained are presented in FIGURE 5. ‘Terramycin gave 
a protective index of 200 and significantly prolonged life at all dilutions of 
infectious inoculum. 

It should be pointed out, however, that one cannot predict clinical re- 
sponse from results obtained in experimental mouse infections, a paradox 
which is illustrated by chloramphenicol.® With this antibiotic, little benefit 
is noted in the experimentally infected mouse, whereas the clinical results 
in tularemia are striking. Although an opportunity has not yet arisen to 


treat human cases of tularemia with terramycin, it is expected that some 
benefit will ensue. 


Salmonella Infections 


Typhoid Fever. Initial studies demonstrated that S. typhosa was in- 
hibited by terramycin in concentrations of approximately 3.0 gamma/cc/! 


gees Carriers. One of our most cooperative typhoid carriers, who 
ha d previously received chloramphenicol, chloramphenicol plus typhoid 
a vaccine, and also neomycin in an effort to free her of the typhoid bacillus, 
_ consented to a course of terramycin. The 44-year-old woman, a known 
__ carrier for 8 years, received an initial dose of terramycin consisting of 3 em. 
_ and subsequent doses of 1 gm. every 6 hours for 8 days. A total of 35 gm. 


the time of cholecystectomy, served as a direct source of bile for culture. 
= Cultures obtained on the first 4 days after starting the antibiotic were 
. positive for S. typhosa. For the next 4 days, stool cultures were negative, 
but typhoid organisms re-emerged approximately 36 hours after cessation 
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= Ficure 5. Comparative effect of several antibiotics in experimental mouse tularemia. 
S was given. A rubber tube, previously placed in the common bile duct at 


or] of treatment and have continued to be demonstrated in specimens of bile 
a and feces. Treatment was attended by rather marked nausea for several 
= days. 

a A second carrier had previously failed to be freed of the typhoid bacillus 


after chloramphenicol, neomycin, and cholecystectomy. A 3.0 gm. dose 
of terramycin administered for purposes of determining bile concentration 
failed to effect any bacteriological change. 
Salmonella Cholera-Suis. A 57-year-old colored man entered the hos- 
pital acutely ill with a septicemia caused by S. cholera-suis. In vitro, the 


406 Annals New York Academy of Sciences 


‘organism was inhibited by terramycin in the concentration of .086 
gamma/cc. Terramycin treatment was instituted on the 5th day of disease, 
when approximately 30 bacteria per cc. of blood were noted. An initial 
dose of 3.0 gm. was given, followed by 1.0 gm. every 6 hours. A blood 
culture obtained after 24 hours of treatment revealed colonies of S. cholera- 
suis too numerous to count. There was evidence of bacteriological pro- 
gression, and, in view of the lack of clinical improvement, chloramphenicol 
and eventually other antibiotics were administered. The patient suc- 
cumbed after 10 days of intensive antibiotic therapy, and, at autopsy, 
vegetations were found on the endocardium of the tricuspid valve adjacent 
to 2 small intraventricular septal defect. At no time during the course of 
disease was the blood rendered free of the causative organism, except for 
a brief period while on chloramphenicol. 

Summary of Salmonella Studies. We have observed no benefit with 
terramycin when used in a few patients with Salmonella infections. One 
typhoid fever patient and one patient with S. cholera-suis septicemia and 
endocarditis failed to respond. In 2 cases, the typhoid carrier state was 
not altered by this antibiotic. 


Summary and Conclusions 


Data to be regarded as preliminary in nature indicate that terramycin 
exerts a rickettsiostatic effect when tested in the fertile hen’s egg infected 
with R. rickeltsii. Two patients with Rocky Mountain spotted fever and 
one patient with murine typhus responded quite rapidly to terramycin. 

Thirty-two of 33 patients with pneumonia caused by D. pneumoniae 
responded favorably to the antibiotic, and the results were comparable to 
those obtained with penicillin. One patient with pneumococcal meningitis 
exhibited a dramatic response to terramycin. A second case of meningitis, 
complicated by lung malignancy, succumbed although bacteriologically 
freed of pneumococci. 

The protective index in mice infected with B. twlarense and treated with 
terramycin is high in comparison with streptomycin and chloramphenicol. 

Finally, the new streptomyces-derived antibiotic has demonstrated little 
effect against typhoid fever, typhoid carriers, and S. cholera-suis septicemia. 
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. The value of terramycin as an antibacterial agent has been shown in 
¥ eee rus publications’ and in other reports presented in this monograph. 
~ It is the purpose of this paper to describe some experiences with terramycin 
salts and how they influenced the course of a few experimental virus infec- 
tions. The bulk of our attention has been focused on the action of this 
drug in influenza virus infections. Mention will also be made, however, 
‘of some work done on two strains of herpes simplex virus and a strain of 
rabies virus. 

Material and Methods. The sodium terramycin salt was highly soluble 
in phosphate saline buffer (pH 7.4). Consequently, this diluent was used 
in all chick embryo experiments. The final pH of the solutions used was 
between 8.3 and 8.6. The material inoculated subcutaneously in mice was 
dissolved in distilled water and had approximately the same pH. All 
solutions were made up fresh for each inoculation. The viruses used and 
their passage history are as follows: PR8 strain of type A influenza— 
Ferrets 198, Mouse 285, Egg 64, for egg inoculation and F 198, M 846 for 
mouse inoculation; Lee strain of Type B influenza virus, M 137E141; Arm- 
strong strain of herpes simplex virus, M 49E31, M5E6; HF strain of 
herpes simplex virus, M?MS; rabies virus, passed in mice with passage 
once a month in rabbits, number of passages not known. 

Experiments with Chick Embryos. The volume of drug solution injected 
in all instances was 0.2 ml. and contained the desired dosage of terramycin. 
The interval between injection of terramycin and virus was varied and is 
discussed under results. Most injections of both virus and terramycin 
‘ were made into the allantoic cavity of 10 to 12 day-old embryos. A few 
A tests utilizing the yolk sac as the route of injection were done and resulted 
in more deaths than by the allantoic method. In all tests, simultaneous 
controls of drug alone and virus alone were also carried out. Furthermore, 
preliminary tests for the toxic effect of drug alone were carried out in groups 
of 8 to 20 eggs. 

Influenza virus was diluted 10-fold in nutrient broth, and herpes simplex 
in 10 per cent horse serum in saline. The volume of inoculum was 0.2 ml., 
and 4 to 6 eggs were used for each dilution of virus. The eggs were incu- 
bated for 40 hours at 35°C. for influenza and 72 hours at 37°C. for herpes. 
The eggs were chilled for 2 hours at 4°C. in those instances where allantoic 
fluids were to be removed. Such fluids were tested by diluting 1 to 4 with 

art under the auspices of the Commission on Influenza, Armed 
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saline and 0.5 per cent chicken erythrocytes. The endpoints were ‘calcu- 
lated by taking the 50 per cent infectious dose,‘ arrived at by the number 
of fluids exhibiting clear evidence of hemagglutination. The endpoint for 
ihe herpes-infected eggs was taken as those eggs showing definite evidence 
of the growth of multiple pocks on the chorio-allantoic membrane. 

Experiments with Mice. Swiss albino mice, weighing from 14 to 20 grams, 
were infected by either the intranasal inoculation of 0.05 ml. of virus, diluted 
in 10 per cent horse serum saline, or the intracerebral inoculation of 0.03 ml. 
of virus suspension. Terramycin was administered in 0.5 ml. amounts 
subcutaneously at either 8- or 12-hour intervals and given for 4 to 6 days 
after the animals were infected. Groups of 10 to 12 mice were used for 
each 10-fold dilution of virus, and the 50 per cent lethal endpoint was 
calculated after observation of the mice for 6 days, in the case of rabies- 
infected animals, and 10 days for the influenza- or herpes-infected animals. 
The animals that did not receive injections of drug were given, subcutane- 
- ously, distilled water ina schedule corresponding to that of the drug-treated 
animals. 

Results with Influenza Virus. The effect of sodium terramycin on 10 to 
12 day-old chick embryo showed that, when injected into the allantoic 
sac of 8 eggs, in 20 mg. amounts, 3 of the 8 were dead after 40 hours’ incuba- 
tion. At 15 mg. doses, 3 of 8 were moribund, and, in 10 and 5 mg. amounts, 
occasional eggs were moribund. Despite this obvious toxicity, 10 day-old 
embryos, in groups of 6, were given allantoic injections of 10, 15, and 20 mg. 
amounts of sodium terramycin and, one hour later, 10 IDs of the PR8 
strain of Type A influenza virus. When the allantoic fluids were removed 
after 40 hours’ incubation and tested for hemagglutination, they showed 
that, with this small inoculum of virus, there was no evidence of multiplica- 
tion in the presence of any of the three concentrations of drug. When the 
eggs were harvested, it was noted that a dark brown precipitate adhered to 
the chorio-allantoic membrane. It was assumed that this represented some 
of the terramycin that had been injected and partially precipitated and ~ 
possibly represented incomplete utilization of the drug. Eggs injected via 
the yolk sac showed the same precipitate. A test using 1000 IDso of the 
same virus given one hour after the drug showed suppression of growth 
only in eggs that had received 20 mg. of terramycin. ’ 

The influence of this drug on the respiration of chorio-allantoic membrane, 
as measured in the Warburg apparatus, has shown no inhibitory effect on 
O, uptake or glucose utilization for an interval of six hours when as much 
as 1.0 mg. of terramycin per 200 mg. of membrane has been used.* When 
virus is added to flasks containing pieces of chorio-allantoic membrane in 
the proper buffering system, consistent multiplication of approximately 5 
to 6 logs occurs. When terramycin in concentrations of 0.3 mg./flask is 
added, however, there is no evidence of virus multiplication (as measured 
by hemagglutination test) although the original inoculum of virus can be 
recovered, indicating that the drug exerts no influence on the virus itself 
but acts by interfering between virus and tissue cells. 


* We are indebted to Dr. W. W. Ackerman for the data on the tissue respiration studies. 


and the 10 and 15 mg. groups had titers that were 


fold below the controls, clearly indicating suppression of virus growth. 
The same concentrations of drug alone resulted in death of some of the 
embryos, emphasizing the fact that the levels of terramycin used were 
__ definitely toxic. The influence of time of injection of the drug is also im- 
_ portant, for, when the virus was given 3 hours before the terramycin, there My 
__was no significant difference between the final titer of treated and un- 
__. treated eggs, regardless of the amount of drug added. The implication of 
__ these findings makes it appear likely that this effect of terramycin on the 
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TABLE 1 


EFFEect OF SopiIuM TERRAMYCIN ON THE GROWTH OF THE PR8 STRAIN OF TYPE A 
ai INFLUENZA Virus IN CHICK EMBRYOS 


Time of inoc. of drug| Final IDs 


4 a iris raid tia into allantoic sac virus titer 
Ee - Control Moribund Dead 1038 

m . 5meg./egg 0/20 0/20 1 hr. before virus 10a 
oa - 10 mg./egg "4/20 1/20 1 hr. before virus |. 10°° 

ss _ 15 mg./egg 7/20 4/20 1 hr. before virus 10-* 
a 2 | Time of inoc. of drug Final IDso 
a ; Amt. of drug a into allantoic sac virus titer 
a 
4 Control Moribund Dead 1077-5 
aa 5 mg./egg 1/20 0/20 3 hrs. after virus 1077-0 
Z 10 mg./egg 3/20 _ 0/20 3 hrs. after virus 10-6.7 

15 mg./egg 5/19 2/19 3 hrs. after virus 107.0 


‘ 


growth of influenza virus depends in large part on whether virus or host 
cells can be acted upon before an opportunity occurs for the virus to initiate 
one growth cycle. In this respect, a test with the Lee strain of Type B 
influenza virus, where the first growth cycle has been shown to be slower 
than with PR8,® showed a slightly greater suppression of virus multiplication 
; when 10 or 15 mg. of terramycin was injected 3 hours after the virus. 
x Despite the interesting effects of terramycin on the growth of influenza 
virus in chick embryos, the results of studies done in mice are much less 
TABLE 2 shows the effect of drug given every 8 hours subcu- 
ly no significant difference in the titers of the 
treated and untreated animals. However, the concentrations of terramycin 
were quite low. In TABLE 3, the effect of larger amounts of terramycin 
also shows no significant influence, despite the fact that such dosages are 
‘approaching the acute toxic concentration of drug for these animals. 
Results with Other Viruses. Taste 4 gives the effect of terramycin on 
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TABLE 2 


EFFECT OF Soprum TERRAMYCIN ON THE GROWTH OF THE PR8 STRAIN OF 
INFLUENZA VirUS IN WHITE MICE 


Number of subcut. Final IDs* 


Amt. of drug Drug controls dead injections every 8 ltrs. eee Gi 
Control 10-82 
.1_ mg./mouse 0/20 15 10-6-4 
.25 mg./mouse 0/20 15 10-8-6 
.50 mg./mouse =~ 70/20 15 1078-6 


NE eee 
* Virus given intranasally in 10-fold dilutions to groups of 10 mice after the 4th dose of drug. 


TABLE 3 


EFFECT OF LARGER DosEs OF SUBCUTANEOUS SODIUM TERRAMYCIN Given Every 12 
Hours ON THE GROWTH OF INFLUENZA Virus IN MICE 


Final LD virus 


Amt. of drug Drug controls No. injctions sass 
Control 1077-4 
.75 mg./mouse 0/10 12 10-71 
1.00 mg./mouse 0/10 12 10773 
1.50 mg./mouse 0/10 12 1077-4 
TABLE 4 


Errect or Sopium TERRAMYCIN IN ALLANTOIC Cavity ONE HouR BEFORE ARMSTRONG 
STRAIN OF HERPES SIMPLEX 


Amt. of drug Tame a Pe iy ee ae Final titer of virus 
Control 10-5.2 
10 mg. 1 hour before virus 10-50 
15 mg. 1 hour before virus 1052% 


no drug. However, the treated animals that received the more dilute virus 
tended to live longer than the corresponding animals in the control group. 

When mice were inoculated intracerebrally with 0.03 ml. of 10-fold dilu- 
tions of rabies virus, the control animals developed an LD, of 1077-6. 
Terramycin given in 1.5 mg. amounts subcutaneously 1 hour before virus 
and every 12 hours thereafter for 6 days did not influence the final titer 
of virus. 
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TERRAMYCIN IN INFLUENZA VIRAL INF ECTIONS* 


ne By Edward-H. Kass,t Mildred W. Barnes, and Maxwell Finland} ‘5 
Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), Boston 
"Cig ee the Department of Medicine, Harvard Medical School, Boston, Mass.. y 


The preliminary report that terramycin in high concentrations appears 
to inhibit the infection of chick embryos with the PR8 strain of influenza A 
virus! was the first indication of a therapeutic effect exerted by an anti- 
biotic on infection with one of the smaller-viruses. In an attempt to con- 
firm this observation, it was found that terramycin hydrochloride, in 
appropriate concentrations, rapidly inactivates influenza virus 1m vilro. 
When the drug was neutralized before contact with the virus or when the 
drug and the virus were given separately, no protection could be demon- 
strated either in mice or in chick embryos. 


Materials and Methods 


Terramycin hydrochloride§ was used throughout,|| but dosages are all 
expressed in terms of terramycin. When terramycin hydrochloride was 
mixed with broth, except in low concentrations, a copious precipitate formed 
and this was dispersed by vigorous shaking before the suspension was used 
for any inoculations. 

Chemotherapeutic Experiments in Eggs. The egg experiments were all 
carried out in 10 or 11 day-old chick embryos, with the PR8 strain of influ- 
enza A virus inoculated into the chorioallantoic sac. The presence of 
virus in allantoic fluid was detected by hemagglutination of hens’ cells. 
The eggs were all incubated at 35°C. for 48 hours after inoculation and 
were then chilled before the allantoic fluid was removed. The Salk method? 
was used for quantitative determinations of the viral content of allantoic 
fluids. Pools of allantoic fluid concentrated by adsorption and elution 
from the embryonic erythrocytes were used as the stock suspensions of virus 
for egg experiments. All dilutions of virus were made in 20 per cent horse 
serum broth containing 120 micrograms of penicillin G and 2000 micrograms 
of streptomycin per ml. 

The drug was suspended in distilled water in a sterile vial and the dilu- 
tion of virus added. Unless otherwise noted, the drug and virus were 
mixed in such amounts that 0.2 ml. of the mixture contained the amount of 
the drug and virus desired for inoculation into the allantoic sac. For 
example, in order to inoculate an egg with 10 mg. of terramycin and 10 
dilution of virus in a volume of 0.2 ml., an aqueous suspension of 110 mg. 
of terramycin hydrochloride per ml. was mixed with an equal volume of 
10 dilution of virus in serum broth. The time of contact between drug 
and virus prior to injection was usually about 5 minutes. 

Chemotherapeutic Experiments in Mice. The mouse infection was induced 

* Aided by a grant from the United States Public Health Service. 

} Senior Fellow in Virus Diseases, National Research Council. 

t With the technical assistance of Marguerite M. Lundgren. 


§ Supplied by Dr. Gladys L. Hobby of the Charles Pfizer Company. 
| Except for the experiments with sodium terramycin noted later. 
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oft mouse nee alee 721 
ulation of a 10? diluti mn of the previous passage. : 
for subcutaneous administration in mice was made ie as 
per cent solution in sterile saline, and 0.5 ml., containing 2.5 mg., was 
injected twice daily for 4 days and once daily for 3 more days. Oral ad- 
a istration was accomplished through a dulled and polished No. 22 hypo- 
-dermic needle, } inch in length, the required amount of terramycin being 
_ delivered from a tuberculin syringe directly into the stomach. Individual 
_- doses of 5 to 0.5 mg. were given in 0.2 ml. in this manner twice daily for 


7 days. 
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TABLE 1 


= OF AcIDITY ON THE PROTECTIVE ACTION OF TERRAMYCIN Hyprocatorin 
AGAINST INFLUENZA A (PR8) INFECTION OF EMBRYONATED Ecos 


Terramycin, mg./egg 
Saath Untreated’ 
Dilution Not neutralized Neutralized virus 
j of virus Separate | control 
e 10 mg., | 5 mg., Img., | 10 mg., | 10 mg., heed | pH7.2 
4 ~H 3.6 | pH38 | pHO61 | pH7.2 | pH7.1 mB 
7) a ee |e ee S| ee 
102 0/5t 0/5 5/5 
10-3 0/5 0/5 5/5 
10% 0/5 0/5 5/5 
: 10-5 0/10 0/10 | 10/10 10/10 
te 105° 0/10 0/10 7/10 16/16 16/16 8/10 26/26 
a 7 1057 0/10 0/10 8/10 8/16 12/16 7/10 22/26 
x Palo 0/10 0/10 0/10 2/16 0/16 1/10 1/26 
A 10-8 0/10 0/10 0/10 0/6 0/6 0/10 | 0/20 
Ee No virus 0/10 0/1 0/10 1/14 | O/1 0/10 
7. TDs0 <1077-9 |<10°?-° 107-2 107-1 10773 1072 1077-4 
iy -_* Virus injected separately immediately after the terramycin. In the other columns, virus and drug 
Zz were mixed before inoculation. 
+ Number positive by Hirst test/number of eggs inoculated. 
fs All mouse experiments were terminated 12 days after inoculation of the 
A virus, and the surviving animals were sacrificed and examined for the pres- 
‘6 ence of characteristic pulmonary lesions. Only mortality endpoints are 


recorded. Recalculation of the data using pulmonary lesions as the crite- 
rion of infection did not alter the conclusions derived from the more defini- 
tive mortality endpoints. 
The 50 per cent infectivity doses (IDs) and the mortality doses (LD50) 
for eggs and mice, respectively, were calculated by the method of Reed 
1 and Muench.‘ 
pe : Results 
Experiments in Chick Embryos. . The results of protection experiments 
in chick embryos are summarized in TABLE 1. When highly acid mixtures 
of terramycin (as the hydrochloride) and serial dilutions of virus were used 
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for inoculation, no infection resulted in any of the chick embryos irrespective 
of the dose of virus. Similar mixtures containing a smaller amount of 
terramycin produced infections the IDso of which was comparable to that 
of the control embryos which were infected, but not treated, with terramycin. 
The pH of the drug-virus mixtures which contained the nonprotective dose 
of terramycin was 6.1. Likewise, when terramycin solutions were first — 
neutralized and then mixed with the virus prior to inoculation, the embryos 
were not protected. Furthermore, inoculation of embryos with 10 mg. of 
terramycin, followed immediately by the inoculation of virus, likewise 
failed to prevent infection, in spite of the fact that the terramycin hydro- 
chloride had not previously been neutralized. 

These findings suggested that the virus had been inactivated in vitro by 
brief contact with the acidic mixtures of terramycin prior to the injections. 
As previously noted, in order to achieve an inoculum of 10 mg. of terramycin 
in 0.2 ml., it was necessary to mix a suspension containing 110 mg. of the 
hydrochloride with an equal volume of the appropriate dilution of virus. 
Despite the buffering capacity of the serum broth, the pH of such mixtures 
containing a final concentration of 55 mg. of terramycin hydrochloride per 
ml, was 3.6. A similar mixture containing half that amount of terramycin 
gave a pH value of 3.8. In order to neutralize 110 mg. of terramycin hydro- 
chloride, it was necessary to suspend the drug in 1.0 ml. of 0.25 N sodium 
hydroxide. Such neutralized suspensions, even in concentrations as high 
as 100 mg. per ml., when mixed with virus in viiro, did not alter the in- 
fectivity of the virus, and a dose of 20 mg. per egg in such a mixture did 
not affect viral multiplication. 

As an additional demonstration of the susceptibility of influenza virus 
to acidity, sufficient 0.1 N hydrochloric acid was added to a 10~* dilution 
of virus (approximately 3 X 10° infecting doses) to bring the pH down to 
3.6. Within 5 minutes after contact between virus and acid, the suspension 
had lost entirely its capacity to infect eggs. 

The concentration of terramycin in the infected and control fluids was 
determined by bacteriologic assay, and no significant deterioration or inac- 
tivation of the drug seemed to have occurred within the limits of error of 
the method. The pH of allantoic fluids of drug-treated and untreated 
infected eggs was compared with the same fluids in uninfected eggs with 
and without terramycin. Eggs in which the virus had grown had slightly 
lower pH values (7.2 to 7.9) than those in which virus was not present 
(pH 7.8 to 8.2). The presence of 10 mg. of terramycin hydrochloride low- 
ered the pH of allantoic fluids by an average value of less than two-tenths 
of a pH unit. 

Therapeutic experiments in which 10 mg. of terramycin were inoculated 
into eggs 2, 4, 6, or 24 hours after the injection of varying concentrations 
of virus failed to show any inhibitory effect on viral growth. 

Quantitative determinations of the rates of viral growth were made on 
groups of 10 eggs and the mean titers determined at 6, 24, 48, 72, and 96 
hours after the injection of 10~* dilution of virus, followed, either imme- 
diately or after 6 hours, by the injection of 10 mg. of terramycin. A group 


conducted using sodium terramycin 
de. The sodium salt, when injected sepa- 
the IDjo of the virus approximately 100- 
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fold (TABLE 2) if 10 mg. per egg was used as the protective dose. Larger 
doses were toxic to the embryos. The difference in the behavior of the 
two salts of terramycin with respect to infection with the PR8 virus is 
4 slight, but reproducible, and is at present unexplained. Differences in solu- 
: bility, other physical differences, or the presence of contaminating materials 
in the sodium salt might explain the discrepancy. 

Experiments in Mice. Terramycin, given either by gavage or subcu- 
taneously, likewise failed to exert any beneficial effect on the infection of 
mice with the PR8 strain of influenza virus. In several experiments, terra- 
mycin was administered by stomach tube as previously described. The 


tures were es ae C d 
oral terramycin alone were bicrileed, and no gross pathologic 
found at necropsy save for the loose, bulky, light brown feces. 


TABie 2s ma y ; . . 
Errecr or Soprum TERRAMYCIN ON INFLUENZA A(PR8) INFECTION OF _ 
EMBRYONATED EGGs 


Terramycin mg./egg Untreated virus 
Dilution of virus | = ; aie control 
20 mg. | Omg. | 5 mg. om 
10-5 4 * 5/8 8/8 10/10 
1077 0/11 0/8 0/8 13/14 
ee oe ee 
alae z fee Ae 1078.3 1077-5 


* Number positive by Hirst test/number of eggs inoculated. 


TABLE 3 


EFrect OF ORAL TERRAMYCIN HypROCHLORIDE ON INFECTION OF MICE WITH THE PR8 
STRAIN OF INFLUENZA A Virus 


Terramycin, mg. per day 


Dilution of virus LORS | iL 0 
No. of deaths/no. of mice 
107 9/10 7/10 
1073 8/10 9/10 8/10 
Ox 8/8 8/9 8/10 
LOS 6/10 7/9 6/10 
10-6 2/10 
Not infected ~ 1/6 | 0/6 


In a further series of experiments, terramycin was administered subcu- 
taneously in the manner previously described. The sites of inoculation 
developed brawny edema, but no necrosis or slough was observed. These 
mice also became ruffled and hyperactive and developed diarrhea, and 3 of 
15 uninfected animals which received drug alone succumbed during the last 
2 days of therapy. By this time, however, most of the deaths had occurred 
among the infected animals. The lungs of most of the control and treated 
infected animals were examined after death, and the characteristic intense, 
hemorrhagic consolidation of influenza viral infection was present and was 


ntibiotic in 24 or 48 hours after the virus h 
there was on the mortality. | 

__ Clinical Observations, Five patients with clinical influenza, from all of 

whom the virus has been isolated, were treated with 500 mg. of terramycin 

~ every 4 hours for 3 to 7 days. A brief résumé of the findings in these pa- 

tients and in 3 additional patients with clinical influenza, from whom the 
virus was not isolated, are presented. 

Case 1. M. A., a 27 year-old physician, entered the hospital on Feb. 28, — 

1950, two days after the sudden onset of feverishness, myalgia, general 

' malaise, and headache. At the time of entry, he was acutely ill, with tem- 


& 


TABLE 4 


PROPHYLACTIC AND THERAPEUTIC EFFECT OF SUBCUTANEOUS TERRAMYCIN HyprRo- 
CHLORIDE ON INFECTION OF MICE WITH THE PR8 STRAIN OF INFLUENZA A ViRUS 


“a Terramycin begun* 
Aa SS _ nyecred conirols, 
Ee Dilation of virus 4 Hours before | 24 Hours after | 48 Hours after untreated 
. infection infection infection 
No. of deaths/no. of mice 
102 18/20 10/10 9/10 10/10 
10-3 17/18 9/10 10/10 20/20 
10-4 16/20 8/10 8/10 19/20 
10-5 16/20 7/9 9/9 9/16 
10-6 3/8 1/16 
Not infected 3/15 

TDho {0-5-2 d 1075-1 


* Dosage schedule: 2.5 mg. of terramycin twice daily for 4 days, then only once daily for 3 more days. 


perature of 101.8°, pulse 86, and respirations 26. The physical examination 
was not remarkable, save for slight conjunctival injection and a diffusely 
reddened oropharynx. The laboratory studies were within normal limits, 
with the exception of the leukocyte count, which was 10,200 per cu. mm., 
with 80 per cent polymorphonuclear leukocytes, 13 per cent lymphocytes, 
6 per cent monocytes, and 1 per cent basophiles. The throat culture 
4 yielded many hemolytic streptococci and blood cultures were negative. 
is Throat washings were taken and the patient given 500 mg. terramycin 
a every 4 hours for a total of 10 grams. Within 18 hours, the patient was 
: afebrile and almost entirely asymptomatic. The throat culture taken after 
18 hours of therapy still contained hemolytic streptococci, but subsequent 
cultures were negative. 

A strain of influenza virus was isolated from the throat washings by 
inoculation into the amniotic sacs of 9 or 10 day-old embryonated eggs. 

Case 2. J. A., wife of patient M. A., developed headache, mild myalgia, 
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malaise, slight coryza, and slight sore throat on the day after the appearance 

‘of symptoms in her husband. On the following day, her temperature was 
100.4°, and her symptoms more severe. Throat cultures at this time con- 
tained Streptococcus viridans and N. catarrhalis. Throat washings were 
taken, and 0.5 gm. of terramycin was given every 4 hours for a total of 
10 grams. By the following day, the patient was afebrile and asymptomatic, 
save for mild residual malaise which persisted for 24 hours. On the second 
day of therapy, the patient developed diarrhea and had 5-6 loose, bulky 
bowel movements daily for the next 6 weeks. 


EFFECT OF TERRAMYCIN ON INFLUENZA VIRAL INFECTIONS 
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A strain of influenza virus was isolated from the throat washing of this 
patient. 

CAsE 3. Mi. A., the 16 month-old son of patients J. A. and M. A., became 
irritable and feverish on the day after his father became ill and on the same 
day that his mother did. His temperature rose to 101° and he took his 
feedings poorly. Throat cultures grew out Streptococcus viridans. He was 
given 0.25 gm. terramycin every 6 hours and, by the next day, was afebrile 
and eating well. During the next 2 days, there was an afternoon rise in 
temperature to 100°, but, otherwise, the patient seemed well. Throat 
washings were not attempted, but, inasmuch as the influenza virus was 
isolated from both parents, it is likely that this patient also had the infection. 
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Kass ef al.: Terramycin and Influenza 


Case 4. D. P., a 22 year-old orderly, was admitted to the hospital on 
March 10, 1950, complaining of myalgia, headache, feverishness, and mini- 


mal sore throat. The temperature was 100.6°. The initial leukocyte 


count was 6,600 per cu. mm., with 78 per cent polymorphonuclear neutro- 


_ phils, 14 per cent lymphocytes, 6 per cent monocytes, and 4 per cent eosino- 


philes. Throat cultures contained Str. viridans, N. catarrhalis, N. flavus, 
and a few Staph. aureus. The physical examination and laboratory studies 


_ were otherwise not remarkable. Throat washings were taken and 0.5 gm. 


terramycin given every 4 hours for a total of 15 grams. By the next day, 
the patient was asymptomatic and afebrile and remained so. An influenza 
virus was isolated from the throat washings. 


_. Case 5. M. F., a 51 year-old sewing machine operator, entered the hos- 
pital on March 11, 1950, two days after the acute onset of severe headache, 


malaise, myalgia, and teverishness. Five years previously, following the 
loss of 140 pounds, the diagnosis of anorexia nervosa had been established. 
At entry she was thin, flushed, and restless and complained of backache. 
Her temperature was 103° rectally. The physical examination was not 
otherwise remarkable. The laboratory studies were within normal limits, 
save for the leukocyte count, which was 4300, with 54 per cent polymorpho- 
nuclear cells, 40 per cent lymphocytes, and 6 per cent monocytes. The 
throat cultures contained Sir. viridans, N. catarrhalis, and N. flavus. 

Throat washings, from which an influenza virus was isolated, were taken, 
and the patient was given 0.5 gm. of terramycin every 4 hours for 8 days. 

The fever resolved slowly, and it was not until the 4th day of therapy 
that the patient became afebrile. In the meantime, her symptoms slowly 
diminished in intensity and cleared with the fever. The leukocyte counts 
were 3500 after the first day of treatment, 3300 after the second day, and 
6800 after the 5th day. Anorexia, nausea, and vomiting appeared on the 
second day of treatment and persisted throughout the course of treatment, 
with emesis one or two times daily until the drug was discontinued. The 
subsequent course in this hospital was uneventful. 

On the day after she was discharged, the patient had a relapse of symp- 
toms, her temperature rising to 104 F. She developed a cough, raised some 
purulent sputum, and had pain in the left shoulder. Fever and symptoms 
persisted, and, after 3 days, she was admitted to another hospital. After 
2 more days, she became afebrile and her symptoms gradually subsided. 

Case 6. O.B., a 33 year-old foundry worker with constant occupational 
exposure to fumes from brass and zinc, was subject to “brass chills” every 
Monday. Eight days prior to entry, he had a regular Monday chill of un- 
usual severity, with persistent headache, anorexia, and occasional emesis 
during the next 5-6 days. The patient was able to work during this time, 
however. 

On the day of admission, March 9, 1950, he suddenly became feverish, 
chilled, and nauseated and developed a severe headache. His temperature 
rose to 103°. Atentry, his temperature was 102.4, his pulse 100, and respi- 
rations 25. Physical and X-ray examination revealed a small area of con- 
solidation in the base of the lower lobe of the right lung. The throat and 
sputum cultures contained Sir. viridans, N. catarrhalis, and a few Staph. 
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aureus. There were 5900 leukocytes per cu. mm. of blood:.55 per cent were 
polymorphonuclear, 32 per cent lymphocytes, 12 per cent monocytes, and 
1 per cent basophiles. Throat washings yielded influenza virus. The 
patient received 0.5 gm. of terramycin every 4 hours for a total of 7.5 grams — 
and, by the next day, was afebrile and virtually free of symptoms. The 
white blood count was 3500 and the signs of consolidation in the chest were 
unchanged. At the time terramycin was discontinued, the chest was clear 
and the leukocyte count was 5800. The subsequent course was uneventful. 

Casr 7. M. J., a 27 year-old housewife, entered March 13, 1950, with a 
3-day history of feverishness, headache, myalgia, slight conjunctivitis, and 
nausea, none of which had responded to sulfadiazine, which had been ad- 
ministered for 2 previous days. The patient’s temperature was 102.4° at 
entry, rose to 104° during the next few hours, and then fell, within 8 hours, 
to 99.4°, with relief of symptoms. No antipyretics had been given. Terra- 
mycin was ordered for this patient, but, by the time the first dose was given, 
the temperature had already fallen and the patient was much improved. 
The fall in temperature and relief of symptoms, therefore, occurred without 
benefit of antibiotics or of antipyretics. This case is cited to illustrate the 
difficulty which is encountered in evaluating the role of antibiotics in the 
treatment of clinical influenza. 

Four of the 5 patients with proved influenza viral infection became afebrile 
and asymptomatic within 24 hours after the onset of therapy. In one 
instance, the fever resolved by lysis, and symptoms persisted for 3 days after 
the treatment was begun. Gastrointestinal reactions occurred in 2 of the 
patients, one having severe nausea, with vomiting once or twice daily, and 
the other having diarrhea, which persisted for 6 weeks after cessation of 
therapy. 

The number of cases is too small for adequate evaluation of the drug. 
In one case, at least, it appears not to have been rapidly effective. Prompt 
improvement so frequently occurs in untreated cases that much further 
study is necessary before the significance of the rapid improvement follow- 
ing administration of terramycin in human influenza viral infections can be 
properly evaluated. 


Summary and Conclusions 


The effect of terramycin hydrochloride on influenza A (PR8) virus infec- 
tion in chick embryos and in mice has been studied. Carefully neutralized 
terramycin in doses up to 20 mg. per egg has no effect on infectivity, hemag- 
glutinability, or rate of viral growth in the allantoic sac. Large amounts of 
terramycin hydrochloride are sufficiently acid to overcome the buffering 
capacity of 20 per cent serum broth. At pH 3.6 (which was readily at- 
tained with terramycin hydrochloride in the higher doses used in the experi- 
ments in chick embryos), the influenza virus is inactivated within five 
minutes. 

Large doses of terramycin administered orally or subcutaneously do not 
significantly alter the time of death or the mortality rate in prophylactic 
and therapeutic experiments with influenza viral infections of mice. 


TERRAMYCIN IN PERTUSSIS: CLINICAL AND LABORATORY 
STUDIES* ; 


By George Gee Jackson, Chang, Shih-Man, Mildred W. Barnes, and Maxwell 
Finland 
Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), and the 


South Department, Boston City Hospital and the Department of Medicine, 
Harvard Medical School, Boston, Massachusetts 


The studies to be reported are part of a series of laboratory and clinical 
investigations of antibiotics in pertussis carried out at the Thorndike Memo- 
rial Laboratory and the South Department of the Boston City Hospital. 
These have included observations im vitro on the sensitivity of freshly iso- 
lated strains of Hemophilus pertussis to 9 antibiotics,’ therapeutic experi- 
ments in embryonated hens’ eggs,” and studies of the effects of some of the 
more promising of these agents on the bacteriological findings and clinical 
course in patients with pertussis. The latter are still in progress. The 
findings as they pertain to terramycin are the subject of the present com- 
munication. 

Observations In Vitro. An antibiotic spectrum of H. pertussis was con- 
structed by charting the cumulative per cent of strains which require in- 
creasing concentrations of each of 9 antibiotics to produce complete inhibi- 
tion.! In this spectrum, the curve representing the sensitivity of the strains 
to terramycin overlaps those for aureomycin and chloromycetin for about 
two-thirds of its length and then diverges in its upper portion. This in- 
dicates that about two-thirds of the strains were similar in sensitivity to 
these 3 antibiotics, while the remaining strains were somewhat less sensitive 
to terramycin. It was also found that partial inhibition of strains of H. 
pertussis by terramycin occurred over a wider range of concentrations than 
was the case for the other antibiotics studied, except aureomycin and 
streptomycin. The sensitivity of 18 strains to terramycin and the ratio of 
complete to partial inhibition of these strains is shown in TABLE 1. 

All of the in vitro tests were carried out in a uniform manner on the surface 
of plates of Bordet-Gengou blood-agar, into which serial dilutions of anti- 
biotic had been incorporated. Tests with several antibiotics were carried 
out simultaneously, so that the comparisons appear to be valid for the con- 
ditions of these tests. They have the disadvantage of all such in vitro tests, 
however, in that various factors in the tests may influence inhibition by the 
various antibiotics in different ways. 

Protection Experiments in Chick Embryos. Yolk-sac inoculation of 7-day 
embryonated eggs, as suggested by the Shaffers,4 was chosen as the test 
infection, using a freshly isolated strain of H. pertussis that was maintained 
by serial transfer on the surface of Verwey’s blood-agar plates.® A uniform 
suspension of a freshly prepared culture containing approximately 2 10" 
organisms per ml. was used for each experiment. The LDsp of this organism 
for embryos was sustained throughout this study at 1 to 2 viable organisms. 


* Aided by a grant from the United States Public Health Service. 
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The infecting dose per egg was 0.25 ml. of a 10~* dilution of the culture 
suspension and contained approximately 500,000 LDso. 
It was found that the rate of death of untreated embryos varied with the 
“size of the inoculum when the dilution of the infecting dose was between 
10“ and10-*. Withthe latter dose, orwhena 10-5 dilution was used, almost 
all of the embryos were dead on the sixth day. When terramycin was given 
_ immediately before infection with the 10-* dilution of culture, the rate of 
death of the embryos varied with the dose of terramycin, that is, there was 
progressive increase in the prolongation of life of the embryos with progres- 


TABLE 1 


-@ Minimum complete : ; 
a inkibiting concen- Number of strains sx ell dale Number of strains 
a tration y/ml. to complete 
; boy senate 
E 0.2 1 1 3 
d 0.4 4 2 3 
ain 2 | 16 2 
< 
TABLE 2 


PROTECTIVE EFFECT OF TERRAMYCIN ON INFECTION OF CHICK EMBRYOS 
with H. pertussis 


% Maximum embryo- 
Dose mg./egg survival-days* 
0 5 
0.015 0 
0.031 25 
0.063 21 
0.125 56 
0.25 73 
0.5 95 
1.0 91 
Unimfected. drug controls. .....----.---seer steerer 89 


~ *Based on 6 to 10 days after infection. 


sive increases in the dose of terramycin from 0.03 mg. to0.5 mg. Using the 
maximum possible survival-days of embryos that were alive 3 days after 
inoculation, the per cent of the maximum embryo-survival-days, counting 
only the sixth through the tenth days after inoculation, was determined 
for each dose. ‘The results are shown in TABLE 2. These figures permit a 
quantitative comparison of. the effects of the different doses used. The 
maximum effect was obtained with 0.5 or 1.0 mg., the per cent of the maxi- 
mum possible embryo-survival days of embryos receiving these doses being 
similar to that of control embryos which received the drug alone but were 


not infected. 
Cultures were made of the yolk of embryos that died and of those that 
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survived after the observation period of 10 days. H. pertussis was grown 
from most of these eggs, but those which had received the larger doses of 
terramycin yielded only very sparse growth and some were sterile. a 
Similar experiments were carried out simultaneously with 6 other antibio- 
tics. The results, which are presented in detail elsewhere,” suggest that ter- 
ramycin was superior to the other antibiotics when judged by the doses 
which produced 50 or 80 per cent of the maximum embryo-survival days 


COMPARISON OF TERRAMYCIN & PENICILLIN IN PERTUSSIS ; 


15 5 PATIENTS IN EACH GROUP 
Dose: 60 MG./K6./Day 
in 4 Doses 


—— TERRAMYCIN 
e——* PENICILLIN 


AVERAGE 


NUMBER 09 
OF 
PAROXYSMS 
PER DAY 
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25 
DAYS AFTER ADMISSION TO HOSPITAL 


30 


FIGURE 1. 


and, also, when judged by the dose which protected 50 per cent of the 
embryos for 10 days. 


Therapeutic experiments in mice were not done. 

Clinical Studies. Observations have been completed in only 5 patients 
after treatment with terramycin. All were inthe paroxysmal stage of whoop- 
ing cough. Nasopharyngeal cultures were positive for H. pertussis in each 
case at the time of admission to the hospital. A similar group was treated 
with penicillin. In each group, there was one infant under 1 year old and 
one who had been immunized. Both agents were given by mouth, 60 mg. 


per kg. per day in 4 doses, and treatment was continued for 10 days, except 
in 1 case. 
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Comparisons of the 2 groups are shown in FIGURE 1. The upper half of 
_ this figure shows the average daily number of paroxysms. In the penicillin- 
: treated cases, this was nearly constant for 2 weeks and then declined slowly 

during the following 3 weeks. The terramycin-treated cases showed a 
prompt and steady decline in the average number of paroxysms, and these 
stopped completely 10 days earlier than among the penicillin-treated pa- 
_ tients. When similar curves were constructed on the basis of the “cough 
___ index,” which gives added weight to the paroxysms according to severity, 
“f the divergence of the curves was even greater, particularly during the 
z 


second week. The greatest number and severity of paroxysms occurred on 
the second to sixteenth day (average 10 days) among the penicillin-treated 
cases and on the first to the ninth day (average 3 days) after admission in 
_~ those receiving terramycin. 
% The lower part of the figure shows the results of nasopharyngeal cultures 
on Verwey’s blood agar plates. The period of treatment is boxed off in 
- eachcase. The results were irregular among the penicillin-treated patients. 
Only one of them had all negative cultures after penicillin was started, while 
in the other 4, H. pertussis was cultured over a period of 2 to 4 weeks. In 
the 5 patients who were given terramycin, H. pertussis could not be recov- 
ered beyond the third day after this treatment was started, and there were 
* no bacteriological relapses after it was stopped. 
po Judging from this small group of patients, terramycin seems to exert a 
* beneficial effect on pertussis similar to that observed with aureomycin® and 
with chloromycetin.° 
Untoward Effects. Moderately severe vomiting, independent of par- 
oxysmal cough and attributable to terramycin, occurred in one patient. 
Another patient developed fever, severe vomiting, diarrhea, and a scarla- 
tiniform rash during terramycin therapy, which was then stopped. Two 
days later, a severe pharyngitis and ulcerative stomatitis was noted. Cul- 
tures from the mouth lesions and from the nose and throat all yielded a 
heavy growth of coagulase-positive hemolytic Staphylococcus aureus in 
almost pure culture. In the other terramycin-treated patients, although 
H. pertussis could not be recovered, the nasopharyngeal cultures all yielded 
similar strains of hemolytic Staphylococcus aureus in pure or nearly pure cul- 
ture after the first few days of therapy. 
Conclusions 


Terramycin appeared to be about as effective as aureomycin and chloro- 
mycetin against the majority of freshly isolated strains of H. pertussis, in 
vitro. 

Terramycin appeared to be somewhat superior to 6 other antibiotics 
against an experimental infection with H. pertussis in embryonated hens’ 
eggs. 
A preliminary érial in a small number of patients suggests that terramycin 
exertsa favorable bacteriological and clinical effect on whooping cough. 
The possible pathogenic significance of the replacement of the flora of the 
respiratory tract by hemolytic Staphylococcus aureus, that was observed in 
all cases during the course of terramycin therapy, requires further study. 


— 
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“LABORATORY AND CLINICAL OBSERVATIONS ON THE EF- 
_ "FECT OF TERRAMYCIN IN THE TREATMENT OF 
> ~ AMEBIASIS 


- 


ae By Harry Most and Frederik Van Assendelft 
_ Departments of Preventive Medicine and Medicine, New Vork University-Belleoue Medical 
. Center, and the Tropical Disease Diagnostic Clinic (Lower East Side Health Center), 
Bureau of Laboratories, New York City Health Department, New York, N. Y. 


In several previous communications, one of us (HM)!:? has reported the 
- yelative efficiency of bacitracin, aureomycin, and other antibiotics in the 
therapy of human amebiasis. Clinically active amebic colitis may be 


__ terminated by the oral administration of 80,000 units of bacitracin or 2.0 
_. grams of aureomycin daily for ten days. Definitive cures following such 
4 therapy are obtained in approximately 65 and 90 per cent of patients treated 
with bacitracin and aureomycin, respectively. The difference between 
% these percentages and 100 per cent represents parasitic relapse following 


discontinuance of treatment, although such relapse may not be associated 
- with evident clinical disease. 

: The present report deals with the recently introduced antibiotic, terramy- 
cin2 Studies with this agent in cultures of £. histolytica (DKB strain), in 
 egg-slant medium with saline overlay and added rice powder, indicated 
. complete inhibition of growth, usually within 24 hours, in dilutions up to 
1 to 40,000. Cultures were observed daily usually for a week, and the 
- ameba population estimated by the Paulson‘ method. The sensitivity to 
 _terramycin of the accompanying bacterial associates in the cultures, namely 
Clostridium welchii, Streptococcus fecalis, and Escherichia coli, were 8.1 X 
10-5, 2.0 X 10-%, and 2.0 X 10-5, respectively. 

Terramycin has, to date, been administered to 22 patients with colonic 
amebiasis diagnosed by the demonstration of E. histolytica in the feces by 
- direct smear, zinc sulphate flotation, cultivation, or iron hematoxylin stain- 
7 ing or combinations of these methods. A daily total of 1.0 gram of terramy- 
cin in divided doses by mouth was administered for ten days to nine patients 
who weighed less than 75 pounds, and a daily total of 2.0 grams was given 
for ten days to thirteen patients whose weight was greater than 75 pounds. 

In twelve patients whose stools were examined daily during therapy, E. 
histolytica showed evidence of degeneration within 48 hours and disappeared 
usually on the third day. In one of these individuals, who received 20.0 
grams of terramycin during ten days, E. histolytica reappeared on the 
eleventh day after discontinuance of the drug. In the eleven remaining 
patients, the stools have thus far been found negative for 1, 2, 3, 4.5, 6, 
20, 20, 60, 60, and 93 days after completion of treatment. The number of 
stools examined from these patients in the interval since completion of 
therapy was 1, 2, 2, 1,1 lors, 12, and 7, respectively. Tn each of ten 
additional patients, series of four casual stools were studied between the 
twelfth and seventeenth day after treatment, and all were found negative. 
With the exception of mushy or loose stools, no adverse signs were noted 


during treatment. 
427 


—— << 


428 Annals New York Academy of Sciences 


_ The subjects treated in this study were found to harbor, in addition to E. 
histolytica, various protozoa and/or helminths, in the majority of instances. 
The effect of therapy with terramycin on these parasites was noted as follows. 
The stool examinations of seventeen individuals with Endamoeba colt, seven 
out of nine with Endolimax nana, and two with Iodamoeba butschlit were 
negative after treatment. On the other hand, four patients with Hook- 
worm sp., four with Trichuris trichiura, two each with Giardia lamblia, 
Schistosoma mansoni, Hymenolepis nana, and Strongyloides stercoralis, and 
one with Trichomonas hominis were unaffected with regard to the presence 
of these parasites. ~ Fat 
‘. Summary. Terramycin has been found highly active im vitro against E. 
histolytica, as well as against the associated bacterial flora. In daily doses 
of 1.0 and 2.0 grams by mouth for ten days, terramycin therapy resulted in 
the disappearance of E. histolytica from the stools of all but one of 22 pa- 
tients. Parasitic relapse occurred in this individual on the eleventh day 
after treatment, whereas, in the remaining 21 subjects, the stools have 
remained negative to date. In addition, terramycin successfully eliminated 
other intestinal amebae but was ineffective against helminths and intestinal 
flagellates. 

From these results, it appears probable that terramycin will prove to be 
an extremely valuable agent in the therapy of intestinal amebiasis. 
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CIN IN THE TREATMENT OF PNEUMOCOCC 


i PNEUMONIA 


a 


| _ By William N. Hubbard, Jr. and William S. Tillett 
Department of Medicine, New York University College of Medicine, Third Medical Division, 
Bellevue Hospital 


_ Our interest in studying terramycin in pneumococcal pneumonia, beyond 


confirming its general effectiveness, was twofold: (1) to establish quantita- 
tively a therapeutically effective dosage amount and dosage interval; and 
(2) to confirm the observation that chemotherapy of pneumococcal pneu- 


-monia may safely be stopped by the 6th or 7th day of illness, regardless of 
_ the total amount of chemotherapy given. 


Twenty-six patients in whom a diagnosis of pneumococcal lobar pneu- 
monia was made were treated with terramycin. In these first trials, pa- 
tients having empyema, arthritis, endocarditis, or meningitis at the time of 
admission to the hospital were excluded from the study group. The mori- 
bund patients and those unable to swallow were also excluded. With these 
exceptions, all patients with pneumococcal lobar pneumonia admitted during 
the study period were treated with terramycin hydrochloride by mouth. 
The first 22 patients received one gram every twelve hours, while the last 
4 patients have had one-half gram every twelve hours. The study is still in 
progress. 

All of the patients had acute febrile disease, with a history usually typical 
of pneumococcal pneumonia. Physical and/or X-ray findings of lobar 
pneumonia were demonstrated in each instance. The white blood counts 
were all above 13,000 percu. mm. onadmission. The original direct sputum 
smears all demonstrated organisms with the morphology of pneumococci, 
and, in 73 per cent of the cases, pneumococci were cultured from the pa- 
tients. 

Significant data from each patient’s record are tabulated in TABLE 1. In 
making the initial clinical diagnosis, the occurrence of antecedent upper 
respiratory infection, the onset of illness with shaking chill and pleuritic 
pain, and the production of characteristic “prune juice” or dark blood- 
streaked sputum were given particular weight. In 23 of the 26 patients, an 
upper respiratory infection had preceded the onset of the acute illness. 
Similarly, a shaking chill was noted by 23 patients in the first day of their 
acute illness. Definite pleuritic pain was manifest in 21 of the 26. These 
three were the most constant historical findings, and, in the single patient 
where they were absent, the entire history was unreliable. Since only four 
of our patients were above the age of 50, one might expect a greater consist- 
ency historically. Although all the patients had cough and produced 
sputum, only 18 had the characteristic sputum of the disease. 

In every instance, physical signs suggesting lobar pneumonia were elicited. 
In two instances, definite X-ray evidence of consolidation was not recorded, 
and objective proof of the clinical diagnosis is lacking. 

Blood, sputum, and nasopharyngeal cultures were made routinely at the 
time of institution of therapy and examined by the central bacteriological 
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and untyped pneumococci in 8 of the cases; specific pathogens were not 


- recovered in 6 cases. In 11 cases, organisms of type 1 through 8 were 
_ demonstrated, and there was no difference between the rate of response and 


final outcome of these cases and those with higher or untyped organisms. 
Only 2 cases had a bacteremia proven, and these also responded as promptly 
and had courses as free of complication as those without bacteremia. Fol- 


_ low-up cultures were not routinely made, but, in those few instances where 


cultures were taken at the termination of therapy, pneumococci were not 
recovered. 
The onset of illness was marked by the occurrence of chills or pleuritic 


pain, therapy being discontinued on the 6th or 7th day from the onset. 


Except for one patient where it was continued to the 12th day by error and 
one who was a carrier of Friedlander A, in whom the drug was continued 
through the 11th day, the drug was discontinued without regard to the total 
duration of therapy. 

The total dose administered varied from 12 gms., for a patient admitted 
on the first day of his disease, to 3 gms., for a patient admitted on the 4th 
day of his disease and treated with 1 gm. a day. In these patients, there 
was no fatality and no complication of pneumococcal infection observed 
during or after therapy. In 4 patients, it was necessary to discontinue 
terramycin because of persistent vomiting. In each of these patients, the 
temperature had fallen significantly in the 24 to 48 hours they received ter- 
ramycin. The vomiting observed in these and other patients treated with 
terramycin has been erratic in its occurrence and does not seem closely 
related to dosage level or interval. These 4 patients subsequently recovered 
with penicillin therapy. 

Fever subsided significantly within the first 12 hours in 20 patients and 
within the first 24 hours in all but one. The temperature reached normal 
within 48 hours in 22 patients and subsided by lysis within 5 days in the 
remaining 4. Two of the patients who had a delayed fall to normal were 
among the 4 in whom terramycin was discontinued because of vomiting. 
One of the remaining was an alcoholic with pulmonary emphysema whose 
fever subsided in 72 hours. The final patient was one who had a marked 
delay in his initial fall of 36 hours and whose temperature did not reach 
normal for 5 days after therapy. This patient was a chronic asthmatic 
with a type 5 pneumococcal pneumonia, who was, at the same time, a casual 
carrier of Friedlander type A. This patient was treated for 8 days and 
received 17 gms. of terramycin in this time. Although the pneumococci 
were not present after the Sth day of therapy, the Friedlander type A 
persisted after completion of therapy. In one other patient with a bron- 
chopneumonia, we have also seena Friedlander A persist inspite of terramy- 
cin therapy, which gave a good clinical result. 

In one case, there was a recurrence of pneumonia following apparent com- 
plete clinical recovery. The patient is a 48 year-old chronic alcoholic, 
anemic derelict, who had his first episode of type 1 lobar pneumonia on May 
5th, 1950. He responded uneventfully, being discharged on May 18, 1950, 
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after being off therapy, asymptomatic, and without X-ray or physical evi- 
dence of pneumonia for one week. One week following discharge, he 
returned with pneumonia due to type 1, involving the same lobe. His © 
second illness also responded uneventfully and he was well when last seen. 
This may well represent reinfection rather than relapse, in view of the two- 
week interval between cessation.of therapy for his first illness and the onset 
of his second illness. 

Two patients were in the second trimester of pregnancy when treated, 
and both of these maintained a viable fetus while recovering from their 
pneumococcal infection. 

In establishing a dosage schedule, we were influenced by the earlier work of 
Tillett and McCormack, who reported therapeutic success in the treatment 
of pneumococcal pneumonia using 30 to 40,000 units of penicillin in a 24-hour 
period through the 7th day of illness. Later, the use of large amounts of 
aqueous penicillin at 12-hour intervals was reported. Unreported studies 
of the Third Medical Division of Bellevue confirm that 100,000 units of 
aqueous penicillin may safely be given once every 18 hours in treating 
pneumococcal lobar pneumonia, but that extending the interval to 24 hours 
resulted in a high relapse rate. During the past winter, we have seen that 
oral aureomycin, administered at 12-hour intervals to a daily total dose of 
either 1 or 2 gms., is adequate therapy for uncomplicated pneumococcal 
lobar pneumonia. From these observations, it seems reasonable to infer 
that there is not a close correlation between maintaining continuously a 
blood concentration of an antimicrobial agent that is inhibitory for the 
pneumococcus in vitro and achieving a good clinical result in treating pneu- 
mococcal pneumonia with that agent. 

With terramycin given at 12-hour intervals, no difference in the rate or 
type of response was noted in the patients receiving 1 gm. of terramycin 
daily as compared with those receiving 2 gms. The response is slightly 
slower than that observed with penicillin therapy, but the results are other- 
wise similar. 


; Summary and Conclusions 


(1) Terramycin was found to be effective in the treatment of the cases of 
uncomplicated pneumococcal lobar pneumonia of this series. 

(2) Dosage of 1 gm., and probably 4 gm., of terramycin every 12 hours is 
adequate. 

(3) Therapy was stopped on the 7th day of illness without relapses, ex- 
cept in one patient who had a second infection 2 weeks following cessation 
of therapy for his first and in whom the question of reinfection arises. 

(4) This experience supports previous evidence of a lack of correlation 
between maintaining constant high blood concentrations of antimicrobial 
agents and their therapeutic efficacy in pneumococcal pneumonia. 
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TERRAMYCIN IN THE TREATMENT OF PNEUMOCOCCIC AND 
ee OTHER BACTERIAL INFECTIONS 
By Harry F. Dowling, Mark H. Lepper, Eston R. Caldwell, and Harold 
W. Spies 
Department of Preventive Medicine, Universit Illinois Coll ict 
ae Wohin Malicl, Daten Colinge Mantolpat docpil ond We 
Depariment of Medicine, George Washington University 


In the course of our studies on terramycin, we have had occasion to treat 
: a number of patients with bacterial infections. Weare reporting them in the 
_ present paper along with the results of in vitro studies on the sensitivity of 
=. Strains of pneumococci to terramycin. 
7 ? 
p 


Sensitivity Studies 


Blood agar plates were prepared so that they contained terramycin in 
concentrations of 0.05 wg. to 10 wg. per ml. Other plates were prepared so 
that they contained similar amounts of aureomycin or chloramphenicol. 
_ The plates were streaked with an 18-hour broth culture of the organisms to 
be tested, and a reading was made at 24-hour intervals thereafter. The 
* results of the 24-hour readings on 27 strains of pneumococci are shown in 
— ABLE 1. It will be seen that the concentrations of terramycin which 
' inhibited growth at 24 hours were slightly higher than the amounts of 
aureomycin required. On the other hand, the concentration of chloram- 
phenicol required was considerably higher than the concentration of either 

of the other antibiotics. 

At 72 hours, however, the picture was somewhat different. At this time, 
the results obtained with terramycin and aureomycin were more nearly 
comparable, except that four of the strains grew well in concentrations of 
1 wg. per ml. of terramycin and these, plus six other strains, grew in con- 
centrations of 1 ug. per ml. of aureomycin. There was only a slight increase 
in the concentration of chloramphenicol required to cause complete absence 
of growth for 72 hours, over and above that required to inhibit growth in 24 
hours. These findings are interpreted to mean that, of the three antibiotics, 
aureomycin is least and chloramphenicol the most stable. Terramycin 
falls in between, but it is more similar to aureomycin than to chloram- 
phenicol. 


Clinical Studies 


Adult patients were given 2 gm. of terramycin at the start of treatment, 
followed by 0.5 gm. at 4-hour intervals until the temperature had been 
normal and evidences of active infection absent for 48 or 72 hours. Children 
were given an initial dose of 25 mg. per kg. of body weight, followed by 42 
mg. per kg. of body weight per day, divided into six doses. 

Pneumococcic Infections. Forty-eight patients with pneumonia were 
treated, each of whom showed the clinical characteristics of pneumococcic 
pneumonia, although pneumococci were typed from the sputum of only 19 
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SENSITIVITY OF 27 STRAINS 


TABLE 1 


AND CHLORAMPHENICOL 


or PNEUMOCOCCI TO TERRAMYCIN, AUREOMYCIN, ~ 


Concentration of antibiotic required to inhibit growth (ug. i mi.) 


‘Type of 


pneumococcus Terramycin Aureomycin Chloramphenicol 
24 hrs. 72 hrs. 24 hrs. 72 hrs. 24 hrs. 72 hrs. 
i el ot! ae a 2.0 6.0 
I PP 45) Pe a= 2.0 2.0 
Il oe 8 .05 ral! 10 1.0 
Il a2, 1+ oi! 1+ 220) 2.0 
Il 523 1+ ep) 1+ 2.0 2.0) 
IV 4 A a? ao 6.0 6.0 
IV A) 1.0 af i+ 2.0 2.0 
IV of 1.0 =24 les 2.0 2.0 
Vv oo) Ag) ail “3 2.0 2.0 
VI ol ail ae ae 8.0 8.0 
VI ae? a) av 1+ 2.0 2.0 
VI ae 5?) e ae — — 
Vil ail A Fl el 1.0 2.0 
vil a2, i+ pal les 2.0 2.0 
VII ill ath nl all 2.0 4.0 
VII oP? 1.0 Ys BS) 2.0 a0 
VIII wv iad) 22 A 2.0 220) 
IX a? 1.0 al A 2.0 2.0 
x oP 1.0 By 1+ 2.0 4.0 
XI a2 i+ aL 1+ 2.0 2.0 
XIII otk 1.0 a 4 1.0 2.0 
XIV a2 o p A a _ 
XIV A 4 a2 ao, 8.0 8.0 
XIV 58) 1.0 a2 i+ 2.0 4.0 
XVI 2 58, pl ao 1.0 1.0 
XVIII 2} A sll ot 2.0 2.0 
XXIII ae B5 ma 4 2.0 220, 
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TABLE 2 


PATIENTS WITH PNEUMOCOCCIC PNEUMONIA TREATED WITH TERRAMYCIN 
AND AUREOMYCIN 


Patients with typed 


Patients with clin- 
ical pneumococcic 


pneumococcic pneumonia from All. patients 
Treated wih pneumonia whom pneumococci 
were not obtained 
| 0 | 70 ; % 
No. | Died Died No. | Died Died No. | Died Died 
ertamy Cin e.yeeneeee ee 19) 2 11 29} 0 = 48 | 2 4 
/AUIFEOMY CIN ern easels 23038 4 | 168 | 4 Pie || ask8toy || alr 3 


patients. As shown in TABLE 2, two patients died. One was an 85-year- 
old female with a type XII pneumonia and bacteremia, and the other a 
63-year-old male with type VI pneumonia and alcoholism. 

The occurrence of two deaths among 48 patients treated with terramycin 


gives a case fatality rate of 4 per cent. 


This result may be compared with 
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_ that obtained in 398 patients treated by us with aureomycin, among whom, 

12, or 3 per cent, died. 
_ Beta-hemolytic Streptococcic Infections. Five patients with scarlet fever 
, recovered on terramycin treatment. The temperatures of three of the 
_ patients were below 100° F. per rectum within 24 hours of the first dose of 
_ terramycin. The temperatures of the other two patients were below 100° 
_ F. within 48 and 60 hours, respectively, after the beginning of therapy. 
_ Follow-up throat cultures were done on three of the patients on the third 

day and on another patient on the fourth day of therapy and daily thereafter 
_ during hospitalization. No hemolytic streptococci were found on any of 
4 these cultures. 
__. Three patients with beta-streptococcic pharyngitis were treated and made 
~~ aprompt recovery. Three patients had pneumonia caused by beta-hemo- 
“ad lytic streptococci. he temperature dropped within 24 hours in all three 
cases and the patients improved rapidly. There were no complications 
a in any of the eleven patients with beta streptococcic infections. 
“f Gonococcic Infections. Seven patients with acute gonococcic urethritis 
___were treated. Three were free of symptoms within 12 hours, three in 24 
hours, and one in 48 hours. Serial smears of the urethral discharge from 

one patient showed disappearance of the gonococci from the exudate be- 
* — tween the eighteenth and twenty-fourth hours. The patients were treated 
— for four or five days and observed for an additional 15 days. No relapses 
"occurred during that time. 

Shigella Infections. Six children between the ages of four and six years, 
who developed dysentery due to Shigella paradysenteriae, during an epidemic 
in an orphanage, were given terramycin. The diarrhea, which was pro- 
nounced in each case, stopped within 48 hours in the case of four patients 
and within 72 hours in the other two. Stool cultures were repeated on the 
second and fourth days of terramycin therapy and for three days following 
discontinuance of therapy. In all cases, the organism disappeared from 
the stool after treatment was started and did not reappear. 

Urinary Infections. Eleven patients with urinary infections were treated. 
Seven recovered completely. Three failed to recover. Proteus appeared 
in the urines of two of these during therapy with terramycin and remained 
in the urine of the other patient in spite of terramycin therapy. One of 
the patients improved sufficiently, however, so that nephrectomy could 
be performed. Since the operation, he has been entirely well. 

The urine of the eleventh patient contained tubercle bacilli, as well as 
Staphylococcus aureus and E. coli. The last two organisms disappeared 
during terramycin treatment, and the patient was well enough to undergo a 
nephrectomy. 

Summary 


(1) In vitro studies showed that the concentrations of terramycin required 
to inhibit the growth of pneumococci were slightly higher than the concen- 
trations of aureomycin required, but considerably lower than the amount of 
chloramphenicol necessary to inhibit growth. Terramycin is more stable 
than aureomycin but not so stable as chloramphenicol, 
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_TERRAMYCIN IN THE TREATMENT OF PRIMARY ATYPICAL 
Bs - PNEUMONIA 
By Yale Kneeland Jr. and George W. Melcher 


- Depariment of Medicine, College of Physicians and Surgeons, Columbia University, 
and the Presbyterian Hospital, New York, N. Y. 


Z The purpose of this communication is to report the effects of terramycin 
in primary atypical (“virus’”’) pneumonia of man. Since the drug was made 
= 
je 
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i i i f his disease with terra- 
URE 1. Case 9, a thirty two-year old union organizer treated on the 5th day o ; 
ated Penicillin and Plfadianine were previously ineffective. Response to terramycin was prompt and 


satisfactory. 


available for clinical trial in February, 1950, ten cases conforming to the 
accepted clinical pattern of this disease have been treated at the Presby- 
terian Hospital in New York. 
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The following criteria have been employed in the identification of primary 
atypical pneumonia: The patients have all been otherwise healthy indi- 
viduals without any evidence of complicating cardiorespiratory or thrombo- 
embolic disorders. The onset of the disease tended to be insidious and 
characterized by fever, malaise, headache, and paroxysmal cough. There 
was evidence of pneumonitis by X ray, the leucocyte count was relatively 


R.M. vf Age 2! 
Day of admission 
Moy 18 '50 


DAY OF DISEASE 6 iia 8 ¢) 10 WI 12 13th Sr 
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Cough 5 Days 
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FR Penicillin 3 Days 


Temperature 


SPUTUM: NEG. 
WBCG-9,600- alae oe 

X-RAY: LUL 
COLD ACG. == ————— 6 9 | 


3 2 2 2 2 
TERRAMYCIN 


Ficure 2. A twenty one-year old divinity student with atypical pneumonia, not responding to penicillin. 
Terramycin treatment was begun at the end of the seventh day of disease and was associated with prompt 
defervescence. 


normal, and no respiratory pathogens could be cultivated from the sputum 
on bacteriological examination. Some of the cases had received penicillin 
or sulfonamide therapy without beneficial effect prior to the administration 
of terramycin. In five of the ten cases, a significant rise in the titer of cold 
agglutinins occurred, thereby, in our opinion, establishing the diagnosis. 
All cases were treated with terramycin hydrochloride orally. In the 
early stages of the study, a daily dosage of 4.0 grams was given. Later on, 
this was reduced to 2.0 grams. No difference in the efficacy of treatment 
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was noted on the reduced dosage schedule. Unpleasant side-effects on the 
gastrointestinal tract were observed in a few cases but were not conspicuous. 
- Other toxic manifestations did not occur. 


In general, the apparent effect of terramycin on the course of the disease 


was uniform in all ten cases. Within a few hours, there was a lessening in 


the intensity of symptoms—the headache, malaise, paroxysmal cough, etc. 
In less than twenty-four hours, there was invariably a lowering of the fever, 
and at 48 hours, most of the temperatures had reached ‘essentially normal 
levels, where they remained. Convalescence thereafter proceeded unevent- 
fully, with radiographical clearing of the pneumonitis. Treatment was 
maintained for six or seven days. 

- The accompanying graphs illustrate the clinical course of the last two 
patients treated (FIGURES 1 and 2). They are generally similar to the 
other cases in this series, and it must be remarked that none of these patients 
was critically ill. 

These two cases will not be reported in detail, as the essential clinical data 
are recorded in the figures. Both had received penicillin therapy prior to 
hospital admission. Cold agglutinins in the first of the two, J. B., rose 
from an initial level of 1:32 to 1:64 on the eleventh day following onset of 
the disease. It is of great interest to us that the high titer of 1:512 in the 

second patient, R. M., observed on the twelfth day, had fallen off to 1:16 
two days later. This suggests that, in certain cases of atypical pneumonia, 
cold agglutinins in high titer may be a transitory phenomenon and be 
missed, unless repeated examinations are made. 


Summary 


Ten cases of primary atypical pneumonia have been treated with ter- 
ramycin hydrochloride by mouth. None of these patients was critically 
ill. In every case, the antibiotic appeared to exert a prompt and favorable 
effect on the course of the disease. In general, the results were comparable 
to what we might expect with aureomycin. 


TERRAMYCIN IN THE TREATMENT OF PNEUMOCOCCAL AND 
Pear MIXED BACTERIAL PNEUMONIAS 


By Alphonse Timpanelli, Robert D. Huebner, and Walsh McDermott 


~~ Second (Cornell) Medical Division, Bellevue Hospital, and the Department of Medicine, 
New York Hospital-Cornell University M edical Center, New York, N. Y. 


A clinical study of terramycin has been in progress in the New York 
Hospital-Cornell Medical Center and at the Second (Cornell) Medical 
Division, Bellevue Hospital since January, 1950. During the first 5 months 
of this study, 100 cases of pneumonia have’been treated with this drug on the 
wards of the Second Medical Division of Bellevue Hospital. It is the pur- 
pose of the present report to summarize the results of terramycin therapy 
observed in these patients. 

Of the total group of 100 patients, 66 had the characteristic manifestations 
of uncomplicated pneumococcal pneumonia, as determined by clinical, 
roentgenographic, and bacteriological examinations. Pneumococci were re- 
covered from the sputum of all these patients and from the blood of 13. 
The remaining 34 cases were instances of acute pneumonia considered to be 
bacterial, but in which no single organism could be definitely established as 
the causative agent of the pulmonary infection. Cold agglutinins in diagnos- 
tic titer could not be demonstrated. in the serum of any of the patients in 
this group. 

Because at the initiation of this study there existed no previous clinical 
experience with terramycin,* our first few patients were treated with doses 
of 1.25 gm. of terramycin at 6-hour intervals for a total daily dose of 5 gm. 
Subsequently, this dose was reduced to 1 gm. every 6 hours and currently, 
to 1 gm. three times daily. Sinceno perceptible differences in the therapeutic 
efficacy of the drug have been noted with these different dosage schedules, 
no distinction will be made among them in the summary of our results. 

The upper portion of TABLE 1 indicates the age distribution of our pneu- 
mococcal pneumonia patients. Forty-six patients out of the total of 66 pa- 
tients were over 40 years of age and approximately half were 50 or older. 
The lower half of this table gives the distribution of pneumococcus types. 
Notable are (1) the absence of pneumococcus type IT, usually a common type 
in our pneumonia cases and (2) the unusually high incidence of pneumococcus 
type V. As may be seen in the column on the right, types I and V were re- 
sponsible for 10 of the 13 cases of bacteremia. In addition, many of the 
patients had other associated conditions and illnesses. Twenty-two (or one 
third) were chronic alcohol addicts and 27 (or 40 per cent) had concomitant 
chronic pulmonary or cardiac disease. 

TABLE 2 gives some information regarding the group of mixed bacterial 
pneumonias or, what may be considered a better term, of unclassified pneu- 
monias. The upper half of the table shows the age distribution of these pa- 
tients. In the lower half of the table are listed the organisms recovered 
from their sputum. The column on the right shows the number of patients 
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TABLE 2 
UNCLASSIFIED PNEUMONIA 
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-___ Despite this finding, it was not possible to ascribe to either of these organ- 
isms a causative role in the patients concerned. 
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FIGURE 1. 


type of response observed. The term “crisis” is used in the commonly ac- 
cepted sense of a rapid fall in temperature and pulse to normal or near- 
normal levels. In each instance, it is also implied that this fall in tempera- 


ture and pulse was accompanied by rapid subjective improvement and by 
other objective evidence of suppression of the infection. 
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Ficure 1 illustrates this type of response in two of the patients in the 
_ group. The.patient whose temperature curve is shown in the upper half of 
_ this table was the first case of pneumococcal pneumonia ever to be treated 
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with terramycin. The second curve is that of a patient with early pneu- 
monia whose diagnosis was in doubt and from whom specific treatment was 
withheld for about 24 hours. Defervescence was effected about 10 hours 


after the first oral dose of terramycin. 
The term “lysis” is used to denote a more gradual return of the tempera- 


of treatment in the whole group of ¢ 

of pneumococcal pneumonia using this arbitrary classification of response. - 
TABLE 3 : 
PNEUMOCOCCAL PNEUMONIA 


RESPONSE TO TREATMENT WITH TERRAMYCIN 
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TABLE 4 
| PNEUMOCOCCAL PNEUMONIA 


RESPONSE ro TREATMENT WITH TERRAMYCIN—DURATION OF SECONDARY RISE IN 
TEMPERATURE OCCURRING AFTER ‘‘CRISIS” 
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Fifty-six of our 66 patients responded by crisis, 7 responded by lysis, 2 showed 
slow resolution and remained febrile for a protracted period, and 1 patient 
died. The last 3 patients will be discussed briefly below. A secondary 
temperature rise of varying duration to 38.5°C. or less appeared in 28 of the 
56 patients whose response was by “crisis.” The rise, following a varying 
period of normal temperature, was in no instance associated with any de- 
tectable complication nor with any worsening of the patient’s condition. 

TABLE 4 illustrates the details of this phenomenon as manifested in the 28 
patients who responded by crisis but who then showed a secondary rise. It 
may be seen that, in 8 patients, the secondary rise was of only 12 hours dura- 
tion, in 6 patients it lasted 24 hours, in three 36 hours, and in four 48 hours. 
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By adding the next 2 figures, it is noted that the secondary rise was pro- 
tracted in 7 of the 28 patients. 
~ As has been mentioned, there were three patients with pneumococcal 
- pneumonia who failed to respond satisfactorily to terramycin. One was a 
_ 64 year-old chronic alcoholic male who showed initial improvement, but 
~ whose condition suddenly worsened and who died on the fifth hospital day 
_ despite the addition of otherantimicrobial therapy. Post-mortem examina- 
~ tion of this patient showed an organizing pneumonia estimated by our hos- 
_ pital pathologist to have been present for 2 or 3 weeks. 
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The other 2 patients whose disease did not seem affected by terramycin 
or by subsequent addition of other antibacterial agents were individuals in 
whom it was ultimately found that the acute pneumococcal pneumonia had 
been superimposed on chronic pulmonary disease—bronchiectasis in one 
and pulmonary fibrosis, secondary to a previous pneumonic episode, in the 
other. 

It was considered of some interest to portray graphically a type of overall 
response of this group of pneumococcal pneumonia patients to terramycin. 
To this end, a composite temperature curve was constructed, taking as the 
first point the pretreatment temperature and as subsequent points the ee 
temperature for each 24-hour period of treatment. The lower curve on 
FIGURE 3 was the result. The upper broken line curve is a composite curve 


ant T value of .41. ee 

ieee 5 summarizes the results in the ancassnens or mid 
pneumonias. One-half of our cases exhibited the temperature resp 
have classified as by “crisis,” the rest responded by “lysis.” Two cz 
which showed poor temperature response to terramycin also failed to resp 
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UNCLASSIFIED PNEUMONIA 
RESPONSE TO TREATMENT WITH TERRAMYCIN 


By “crisis” No. of Patients Senden rise 
Within 24 hours....... NN Ai deh 6 Foti ae ee yee 17 2 
With 8 hours sey scateh coe tate aero Pee tea are oracle rere 5 1 

By “lysis” 

Wat himn'3 daystsers care areie cies ae erste ravaistats/ate oft reel teleeo tare eee 4 
Within 'S days’, oe one or eee conn: case oar Ae ge? 
Afebrile on admission and on therapy. ........2+..00.0000000-- 4 

‘Slow resolution... a2 saeee seos | ostselnte Ws Remmaiseints aatge tate Zz 

Portal 0 stsrsnn. sismagiove oe eavnetees neg stores tee aed ee rere 34 
TABLE 6 


TERRAMYCIN SIDE-REACTIONS 
Stupy or 93 Cases TREATED WITH CAPSULES 


Reaction _| None | Mild | Moder. | Severe | Total 
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to penicillin but eventually became afebrile and resolved in 10 and 12 days, 
respectively. 


Toxicity 


Our data on side reactions ascribed to terramycin are based on 93 patients 
treated for various infections who received the drug in the form of the cur- 
rently used capsules. . 

TABLE 6 gives the incidence of significant reactions, which, when they oc- 
curred, consisted almost entirely of gastrointestinal disturbances. It may 
be seen that 54 per cent of the patients treated had no reaction to the drug, 
that 25 per cent had mild symptoms, that 11 per cent had moderate symp- | 
toms consisting of several diarrheic stools daily and perhaps vomiting once or 
twice in the course of treatment, and that 10 per cent had persistent vomit- 
ing and diarrhea, usually necessitating discontinuation of the drug. : 


By Wallace E. i 1 
"Division of Medicine and Section on Bacteriology, Mayo Clinic, Rochester, 


Terramycin* is an interesting antibiotic agent described first by Finlay 
and colleagues.! That this substance possessed considerable antimicrok 
activity was evident from their report. Our preliminary studies on the sub- 
stance have already been reported.?, We have continued our investigations 
of this antibiotic agent, and the present report concerns itself with some re- 
cent observations concerning acquired resistance to this substance, a sum- 
mary of our available information concerning its absorption, diffusion, and 
excretion and, in addition, a summary of our clinical experience in the treat- 
ment of 30 patients with this agent. 


Induced Resistance to Terramycin 


One of us (Heilman) recently has carried out some studies on bacteria 
made resistant to terramycin and to other antibiotics. Resistance was in- 
duced by serial cultivation in broth containing gradually increasing amounts 
of the antibiotic being tested. Final sensitivity was determined by inocula- 
tion of the original and the resistant strains on streak plates containing dif- 
ferent amounts of the antibiotic. 

Twelve strains of Escherichia coli and fifteen strains of Aerobacter aerogenes 
were made resistant to terramycin, aureomycin, chloramphenicol, or strepto- 
mycin. Each strain was then tested for sensitivity to each of these anti- 
biotics. Strains made resistant to terramycin, to aureomycin, or to chlor- 
amphenicol regularly showed an increased resistance to all three of these 
antibiotics, but not to streptomycin. Strains made resistant to streptomy- 
cin did not exhibit an increased resistance to the other three antibiotics. 
Not infrequently, the induction of resistance to terramycin, aureomycin, or 
chloramphenicol resulted in an increase in sensitivity to streptomycin. Con- 
versely, an increase in resistance to streptomycin sometimes was accom- 
panied by an increase in sensitivity to terramycin, aureomycin, or chlor- 
amphenicol. 

A few strains of Streptococcus faecalis and Micrococcus pyogenes have been 
made resistant to terraniycin or to aureomycin. With these organisms the 
development of resistance to one of the drugs has caused a substantial in- 
crease in resistance to the other, but not to chloramphenicol or to strepto- 
mycin. 

The data listed in TABLE 1 illustrate the magnitude of the cross resistance 
which has been described. These findings are consistent with the several 
reports of the favorable effect of the simultaneous use of aureomycin and 
streptomycin or terramycin and streptomycin in experimental, as well as 
clinical, brucellosis. These data further suggest the importance of simul- 


* The terramycin used in these studies was kindly supplied by Dr. Gladys Hobby, Chas. Pfizer & Com- 
pany, Inc., Brooklyn, New York. 
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_ taneous administration of a combination of streptomycin and terramycin, 


aureomycin, or chloramphenicol in the treatment of infections owing to the 


organisms herein studied. Further, it is unlikely that combinations of ter- 


ramycin and aureomycin or chloramphenicol or substitution of one for the 


cpa in the presence of developing resistance will materially improve the 
results. 


TABLE i 
InDUCED RESISTANCE TO TERRAMYCIN 


Sensitivity in micrograms per milliliter 
Organism and strain Made reststinhio: ln ae ae Seo See 
| Terra- | Aureo- |Chloram-| Strepto- 
mycin | mycin | phenicol| mycin 
Escherichia coli 687 0 sheile? 6.25 6525.) saZe5 
Terramycin 100 50 100 6.25 
Aerobacter aerogenes 1,155 0 3.12 3.12 6.25 6.25 
Terramycin 50 50 200 6.25 
Streptococcus faecalis 2,323 0 1.56 ORS ies 50 
Terramycin 12.5 eZ 5 ee 269 50 
Escherichia coli 2,300 0 1.56 Sh Waal Psa, 6.25 
Aureomycin 100 100 100 Satz 
Aerobacier aerogenes 2,319 0 1.56 Bsa 6.25 3.12 
Aureomycin 100 50 200 0.78 
Escherichia coli 994 0 1.56 Sal Jel oped ne 6.25 
Chloramphenicol 50 25 200 6.25 
Aerobacter aerogenes 1,155 0 SelZ G02 6.25 6.25 
Chloramphenicol (RO a ARIES PAC) Sg) 
Escherichia coli 1,120 0 ae Bel 24s lens 1255 
Streptomycin 1506 1.56 6.25 | 200 
Aerobacier aerogenes 1,158 0 aml 200: 1.56 BA. ASS 
Streptomycin [= Silke eelss 0.78 1.56 | 200 


Pharmacologic Aspects 


We have studied the absorption, diffusion, and excretion of terramycin in 
a representative number of cases. Determinations of the terramycin con- 
tent of body fluids were carried out by a method previously described.” 

Serum Content of Terramycin After Oral and Rectal Administration. Single 
as well as multiple doses of terramycin hydrochloride were administered 
orally to a number of patients. The amount administered varied from 1 to 
3 gm. per dose. Terramycin is readily absorbed, and detectable amounts 
may be found in the serum for long periods after a single oral dose. The 
concentration in the serum, however, began to diminish six hours after a 
single oral dose. The serum content of terramycin was not significantly 
increased by increasing the size of a single oral dose from 1 to 3 gm. In 
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other words, it would appear that only a certain amount of terramycin will 
be absorbed, regardless of the amount ingested. For these reasons, we have 
adopted the procedure of giving doses every six hours. F urthermore, we = 
have not found it necessary to administer more than 1 to 1.25 gm. at a time. 
The blood serum of patients who receive doses of 1 to 1.25 gm. of terramycin 
every six hours by the oral route, as a rule, will be found to contain 4 to 8 
micrograms of terramycin per milliliter. In the presence of normal renal 
function, after repeated doses, there is a slight tendency for the concentra- 
tion in the blood serum to “pile up,” although it seems to reach a rather 
stationary point.’ The concentration of terramycin in the blood serum of 
patients receiving multiple doses rarely exceeds 8 micrograms per milliliter, 
although on occasion the serum may be found to contain as much as 16 
micrograms per milliliter. Unlike aureomycin, terramycin appears to be 
fairly stable in the presence of serum. Specimens of serum which were 
assayed and then left under ordinary refrigeration were found, on repetition 
of the assay after twenty-four hours, to contain the same amount of terra- 
‘mycin. 

Recent studies’ carried out on our service on the absorption of terramycin 
indicate that no absorption occurs after the rectal administration of amounts 
varying from 1 to2gm. It would appear that most of the absorption occurs 
in the intestinal tract, above the level of the large bowel. 

Diffusion into Cerebrospinal Fluid. Six patients received doses of terra- 
mycin hydrochloride every six hours. The content in the serum of all 6 pa- 
tients at the time of spinal puncture was found to be between 4 and 8 micro- 
grams per milliliter. In only one instance was there more than a trace of 
terramycin activity in the cerebrospinal fluid. It would appear, therefore, 
that, unlike aureomycin, terramycin does not readily traverse the blood- 
brain barrier. 

Diffusion Through the Placenta (Placental Transmission). In these studies, 
an attempt was made to administer orally at least two doses of 1 gm. each to 
patients who were in labor. At the time of delivery, specimens of blood 
were obtained simultaneously from the mother and from the umbilical cord. 
The maternal blood of all 4 patients studied was found to contain 4 micro- 
grams of terramycin per milliliter at the time of delivery. The terramycin 
content of the serum from the umbilical cord, in all instances, was found 
to be between 2 and 4 micrograms per milliliter. In other words, it would 
appear from these studies that terramycin readily traverses the placenta and 
is available in the fetal circulation of those patients who, for any reason, are 
receiving terramycin for therapeutic purposes. 

Pleural Diffusion. We have made some studies to determine whether 
terramycin reached the pleural fluid of patients receiving this antibiotic by 
the oral route. Our studies revealed that therapeutically effective amounts 
of terramycin could be demonstrated in the pleural fluid of patients who were 
receiving the antibiotic by the oral route. When the content of terramycin 
in the serum was found to be between 2 and 8 micrograms per milliliter, the 
content of terramycin in pleural fluid varied between 0.5 and 1 microgram 
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; per milliliter. These findings suggest that terramycin may prove effective 
_in the treatment of infections in the pleural cavity. Lage 
 . Excretion of Terramycin in Bile. It was evident from our investigations 
"that terramycin was readily excreted in bile. Furthermore, it would appear 
that it is concentrated in the liver. These studies were carried out on 
_ individuals in whom the hepatic function was considered to be normal 
E> Or nearly normal. For example, when the serum content was found to be 
2 micrograms of terramycin per milliliter, the bile content was found to be 


A 8 micrograms per milliliter. Likewise, in the presence of a serum content of 
E. 8 micrograms per milliliter, the bile content was found to be 64 micrograms 
per milliliter. In other words, the concentration in the bile was from four to 
eight times that in the serum. 

¢g Excretion of Terramycin in the Urine. Large amounts of terramycin are 
constantly excreted in the urine. Roughly speaking, the higher the level in 
the serum, the greater the concentration of terramycin in the urine. We 


have carried out studies on a number of patients to determine the terramycin 
content of single specimens of urine, as well as of specimens of urine which 
were pooled for twenty-four hours after the oral administration of single and 
multiple doses. Amounts of terramycin found in the urine have varied from 
16 to as high as 512 micrograms per milliliter in patients whose serum content 
* of terramycin varied between 0.5 and 8 micrograms per milliliter. While 
~ these findings are of interest, it should be emphasized that the terramycin 
content of the urine is not an accurate index as to its therapeutic effective- 
ness in infections of the urinary tract. Furthermore, these findings give no 
indication as to the tissue content of terramycin. 

Excretion of Terramycin in the Feces. After oral administration, large 
amounts of terramycin are unabsorbed and are excreted in the feces. In our 
studies, it was not uncommon to find as much as 2.5 mg. of terramycin per 
milliliter in the feces of patients who were receiving doses of 1 to 1.25 gm. 
every six hours. The high concentration of the drug results in a remarkable 
alteration of the bacterial flora of the intestinal tract. The feces become 
odorless and the clostridia, streptococci, and coliform bacteria disappear. 
The only remaining forms may be resistant yeasts, Candida, and micrococci. 
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Clinical Observations 


Dosage and Method of Administration. For reasons which are apparent in 
the studies on absorption and diffusion, we have adopted the policy of ad- 
ministering terramycin every six hours by the oral route. Our experience 
leads us to the conclusion that 1 to 1.25 gm. (4 to 5 capsules or tablets) is an 
adequate and effective therapeutic dose of terramycin. For the average 
adult, this amount roughly represents 4 to 5 gm. per day and is in the order 
of a total daily dose of 50 mg. per kilogram of body weight. Increasing the 
oral dose beyond this amount does not materially increase the serum content 
of terramycin, and doses larger than those appear to increase the incidence 


of gastrointestinal irritation. a 
To date, the only untoward reaction encountered after the oral adminis- 
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tration of terramycin is gastrointestinal irritation manifested by nausea and ; 
on occasion, vomiting. To date, the most effective method of controlling: 
nausea and vomiting, in our experience, has been to administer terramycin 


with milk. The patient simply swallows 1 capsule at a time with cold @ 


pasteurized milk rather than water. Giving the medication near the time of 
intake of food also is helpful. . Milk does not interfere with the absorption 
of terramycin, as evidenced by studies on the serum content which we have 
carried out on patients receiving the antibiotic. 

When, for any reason, the patient is unable to take the antibiotic by the 
oral route, the intravenous preparation of terramycin is employed. The 
average daily dose which we have used is 1 gm. per day. The material is 
administered in amounts of 0.5 gm. every twelve hours. In the presence of 
overwhelming sepsis or infection (generalized peritonitis), we have used, on 
occasion, 2 gm. of terramycin per day, given in divided doses. The intra- 
venous preparation is dissolved in the buffer (0.5 gm. in 12 to 15 cc. of buffer) 
and administered rapidly from the syringe. The same amount which has 
been dissolved in the buffer also can be added to a liter of physiologic saline 
and given by means of intravenous drip. Caution must be exercised to pre- 
vent the injection of the concentrated preparation into the tissues. If the 
concentrated material is injected outside of the vein, slough may occur at the 
site of injection. It is usually not necessary to resort to intravenous therapy 
for more than a few days. It has been our policy to return to oral therapy 
as quickly as possible. Terramycin may be given va the tube to patients 
who have had nasal tubes in place for purposes of continuous suction. The 
usual oral dose of terramycin can be removed from the capsule and suspended 
in milk or feeding formula and introduced into the gastrointestinal tract 
through the tube. If the nasal tube then is clamped for a period of two 
hours, absorption will occur. 

Our clinical experience with terramycin in the treatment of 30 patients is 
summarized in TABLES 2, 3, 4, and 5. 

Bacteremia. We have had occasion to use terramycin in 8 cases of bac- 
teremia. The organism isolated, the associated condition, the duration of 
treatment, and the results are shown in TABLE 2. In 2 cases (cases 1 and 2), 
the organism isolated from the blood was Bacteroides. The associated lesion 
in case 1 was diverticulitis, and, in case 2, the bacteremia occurred during 
the postoperative period following extensive resection of the stomach and 
colon for a perforating carcinoma. Both of these patients were critically ill 
and both recovered after intensive treatment with terramycin. Sensitivity 
studies on the Bacteroides isolated in case 1 revealed that 0.78 microgram of 
aureomyein per milliliter and less than 0.19 microgram of terramycin per mil- 
liliter were required to inhibit growth. In case 2, also, the organism was 
found to be sensitive to less than 0.19 microgram of terramycin per milliliter. 
Terramycin appeared to be a lifesaving agent in the treatment of both of 
these patients. 

Terramycin has been used in the treatment of 3 patients suffering from 
bacteremia owing to Escherichia coli. In case 3, the associated lesion was 
severe parenchymatous disease of the liver. Studies of the sensitivity of the 
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m isolated in this case revealed that inhibition was produced by the 
g: streptomycin, 6.25 micrograms per milliliter; aureomycin, 3.12 


TABLE 2 
TERRAMYCIN IN TREATMENT OF BACTEREMIA 


A ce 3 Total Bc 
Infecting Ve Adminis- Condition and result 


organism tration 


————————— aan 


1 +| Bacteroides diverticulitis} 21 | 97.0 | oral Severely ill. Gradual and 
: (perfo- complete recovery. 
‘a rated?) 
-- 2 | Bacteroides | carcinoma | 22 | 73.5 | oral Overwhelming sepsis during 
is of stom- —————| postoperative period. 
oi ach with | 5} | 5.5 | intrave- Excellent result with 
“4 perfora- nous recovery. 
a tion to 
ae colon 
e 3 | Escherichia | severe hep- | 8} | 34.0 | oral Responded to first course 
e: coli atitis a of treatment, but bac- 
. 15 | 47.0 teremia recurred. Re- 
i covered after second 
y course. 
=== el 
” 4 | Escherichia | stricture 123 | 62.5 | oral Temperature gradually 
colt common reached normal on sev- 
bile duct enth day. Recovery. 
(post- 
opera- 
tive) 
5 | Escherichia | congestive | 13 44.0 | oral Failure. Patient in con- 
coli heart — —_____—| gestive failure. Vomited 
failure 4 | 32.0 | rectal much of medication. 
Cerebral hemorrhage. 
Died. 
6 | Streptococcus | diffuse 10 | 50.0 | oral Temperature reached nor- 
mitis pneumo- mal on fifth day of treat- 
nitis ment. Complete recov- 
ery. 
7 | Streptococcus | subacute 19 | 71.0 | oral Organism sensitive to ter- 
mitis bacterial ramycin, but patient died 
endocar- in congestive failure. 
ditis Terminal blood culture 
still positive. 
8 | Micrococcus | subacute 5 | 20.0 | oral Failure. Had resisted ther- 
pyogenes bacterial apy with penicillin, au- 
endocar- reomycin and  strepto- 
ditis mycin. Terramycin dur- 
ing last five days. 


, 


micrograms per milliliter; and terramycin, 1.5 micrograms per milliliter. 
The blood cultures became negative and the clinical response was satisfactory 
after a course of terramycin given over a period of eight and a half days. 


to Eocherichiaicole act 


stricture f the common bile duct. The patient’s recov 


uneventful. Ina third case in which the bacteremia was due to Eschert 
coli (case 5), the patient failed to recover after treatment with terramyc 
This patient was critically ill, had previously been treated with other an 
biotics, and, during the period of administration of terramycin, was von 
a great deal of the time. Finally, congestive heart failure developed and 


TABLE 3 
TERRAMYCIN IN TREATMENT OF INFECTIONS OF URINARY TRACT 


= 


: Total | Ad- 
Case Infecting D a dose, | minis- Condition and result 
OreOnSTn OE | gm. \iration| 
9 Richarielis 7 28 | oral | Severe postoperative cystitis. Recov- 
coli ery. 
10 | Escherichia 7 28 | oral | Severe urinary tract infection. Tem- 
: colt _perature 106° F. Excellent result. 
: Recovery. . 
11 | Escherichia 6 24 | oral | Severe urinary tract infection. Tem- 
colt perature normal in 24 hr. Recovery. 
12. | Escherichia 6 24 | oral | Severe urinary tract infection with 
colt nephrolithiasis. Urine cultures be- 
came negative. Renal calculus re- 
moved surgically. 
13. | Escherichia 8 8. | oral | Severe urinary tract infection. Recoy- 
colt ery. 
14 | Paracolobac- 4 16 | oral | Pyelonephritis with chills and fever. } 
trum Temperature normal in 30 hr. Re- 
covery. 
patient died after a cerebral hemorrhage. Blood cultures, however, re- 
mained sterile. . . 


There were two examples of bacteremia owing to Streptococcus mitis. In 
case 6, the associated lesion was diffuse pneumonitis with positive blood cul- 
ture. The patient responded satisfactorily to treatment with terramycin 
and complete recovery occurred. In the other case of bacteremia owing to 
Streptococcus mitis (case 7), subacute bacterial endocarditis was the asso- 
ciated lesion. The patient had previously received 20,000,000 units of peni- 
cillin daily for twenty-nine days without satisfactory response. In view of 
the fact that growth of the organism was found to be inhibited by 0.78 micro- 
gram of terramycin per milliliter, a therapeutic trial with this antibiotic was 
instituted. Blood cultures became negative, and the patient was responding 
satisfactorily until the nineteenth day of treatment, when acute pulmonary 


- | Chills, fever, and dysphagia on 
admission. Prompt recovery. 


oral | Marked improvement in 24 hr. 
_ Recovery. 


Hemophilus | 3 | 12 | 
influenzae 


- 17 | Acute follic- | Streptococ- 3 12 | oral | Prompt recovery. 

: ular ton- cus pyo- 

sillitis; genes 

| septic sore \. 
throat 


— 


18 


Acute follic- Sireptococ- if 28 oral Temperature 103° F. on admis- 
sion; normal in 24 hr. Recov- 


ular ton-| cus pyo- |. 7 
sillitis; genes; Pad ery. 
pharyn- - Diplococ- 
gitis cus pneu- 
moniae 
r. Lobar pneu- | Diflococcus | 7 28 | oral | Prompt clinical response and re- 
es monia pneumoniae ~ covery. 
20 | Nonbacterial == fi 28 | oral | Temperature normal in 36 hr. 
- _ pneumo- ; Complete recovery. 
nia 
Az |= ea eae es 
21 | Nonbacterial —= a 28 | oral | Temperature normal in 24 hr. 
pneumo- Recovery. 
- nia 
22 | Nonbacterial == 8 32 | oral | Prompt recovery. 
pneumo- 
A nia 
ae! eee ees eee a eee 
23 | Severe upper = 42 | 18 | oral Laryngeal stridor and tempera- 
respira- ture 104° F. on admission. 
tory in- : Prompt recovery. 
fection 
a SS eS ee Se 
_ 24 | Acute upper — 4 | 16 | oral | Temperature 103° F. shortly af- 
2 respira- ter admission; normal in 24 hr. 
cs tory in- Recovery. 
= : fection Jaa 
4 
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Bacteremia was due to Micrococcus pyogenes in case 8. The associated 


3 
3 lesion was subacute bacterial endocarditis. The patient had resisted treat- 
ment with penicillin, aureomycin, and streptomycin. Terramycin was ad- 
g ministered during the last five days of the patient’s stay in the hospital, but 
3 

4 _— 


w 
\ 
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ay aeteee Tract. T ha 
_ the treatment of moderately severe and severe infections of the 
The results obtained in these cases are summarized in TABLE 3. ° 
ing organism in 5 of the 6 cases was Escherichia coli. In the rem: 
(case 14), the organism isolated was Paracolobactrum. Excellent al 
and bacteriologic response was obtained in all of 6 cases. Although the 


TABLE 5 
TERRAMYCIN IN TREATMENT OF MISCELLANEOUS INFECTIONS 


5 Total 
A 5 Infecting | Days Adminis- + 
Case| Liagnosis peseneic treated oe Cr. ration Condition and result 
C~ F 
25 | Erythema = 13 52 | oral Severe bullous type of ery- 
multi- thema. Lesions underwent 
forme rather prompt involution. 
Result considered good. ) 
26 | Abscess of |Micrococcus 34 14 | oral Surgical drainage necessary | 
breast pyogenes but good response. | 
27 | Herpes - i} 28°} oral No demonstrable effect on 
zoster course of disease. | 
28 | Acute cel- |Micrococcus 44 | 18 | oral Lesion involved entire left side . 
lulitis of pyogenes of face. Recovery. 
face | 
29 | Cellulitis — i 21 oral Rather severe cellulitis of scalp . 
with cervical adenopathy. | 
Satisfactory clinical _re- | 
sponse. 
30 | Peritonitis — 3} 7 | intrave- | Generalized peritonitis follow- 
nous ing perforation of peptic ul- j 
ee |e DOG EresuLis 
Je 28 \voral } 


were examples of moderately severe to severe infections of the urinary tract, 
in all, monomicrobic infections rather than the polymicrobic (mixed) type 
were present. 

rg nfections of the Respiratory System. The results obtained from use of ter- 
ramycin in the treatment of 10 patients suffering from infections involving 
the respiratory system are summarized in TABLE 4. Five cases were ex- 
amples of bacterial infections from which were isolated a variety of patho- 
genic microorganisms (cases 15, 16, 17, 18, and 19). There were three ex- 
amples of nonbacterial pneumonia (cases 20, 21, and 22). In 1 case (case 
19), pneumonia was due to Diplococcus pneumoniae. In all 10 cases, there 
appeared to be a satisfactory clinical response with recovery. 
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iscellaneous Infections. Terramycin also has been used in the treat- 
it of 6 patients suffering from miscellaneous infections. The types of 
conditions treated and the results obtained are summarized in TABLE 5. 
_ There was 1 case of a rather severe bullous type of erythema multiforme (case 
25). Under treatment with terramycin, the lesions underwent what was 
3 considered unusually prompt involution. The clinical response of the pa- 
_ tient was such that the results could be classified as good or excellent. One 
- patient (case 26) had an abscess of the breast. This patient received ter- 
3 _Tamycin for a short period, but the good result cannot be attributed entirely 
~ to terramycin, since surgical drainage also was carried out. There was 1 
case of herpes zoster (case 27). This patient was seen very early in the 
_ course of the disease, but the administration of terramycin did not produce 
any demonstrable effect. There were two examples of moderately severe 
cellulitis, one of the face (case 28) and one of the scalp (case 29), treated 
_ with terramycin. Both patients responded satisfactorily, and the results 
~ could be considered good. In 1 case (case 30, generalized peritonitis was 
treated with terramycin. When the patient was admitted to the hospital, 
he was critically ill, as a peptic ulcer had perforated three days before admis- 
sion. For the first three and a half days, terramycin was administered in- 
travenously, 2 gm.perday. Subsequently, the patient’s condition permitted 
oral administration. ‘The result was considered satisfactory. 


Summary 


Strains of Escherichia coli and Aerobacter aerogenes which have been 
_ made resistant to terramycin regularly have an increased resistance to 
_ aureomycin and to chloramphenicol but not to streptomycin. Strains made 
~ resistant to streptomycin did not have an increased resistance to the other 
~ three antibiotics. Not infrequently, the induction of resistance to terra- 
' mycin, aureomycin, or chloramphenicol results in an increased sensitivity 
to streptomycin. Conversely, an increase in resistance to streptomycin 
sometimes is accompanied by an increase in sensitivity to terramycin, 
aureomycin, and chloramphenicol. These findings are consistent with the 
observations on the favorable effect of the simultaneous use of aureomycin 
and streptomycin or terramycin and streptomycin in experimental, as well 
as Clinical, brucellosis. These data further suggest the importance of com- 
bining terramycin, aureomycin, or chloramphenicol with streptomycin in 
the treatment of certain other infections. 

After oral administration of single doses of 1 gm., the content of terramy- 
cin in the serum is maintained at a rather constant value for a number of 
hours. Complete disappearance of activity from the serum may not occur 
for twenty-four hours. However, the concentration in the serum begins to 
diminish six hours or more after a single dose. For this reason, it is recom- 
mended that the antibiotic be administered every six hours. 

Unlike aureomycin, terramycin does not appear to diffuse well into the 
cerebrospinal fluid when therapeutically effective levels of the agent are 
maintained in the blood serum. Terramycin diffuses readily through the 
placenta and is available in the fetal circulation. When therapeutically 
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effective amounts are present in the serum, diffusion into the pleural fluid 
occurs. Terramycin appears to be concentrated in the hepatic system and 
to be excreted in the bile. Patients who receive terramycin excrete fairly 
large amounts of the material in the urine. Much terramycin administered 
by the oral route is not absorbed but is excreted in the feces. This high con- 
centration of the drug in the feces results in remarkable alteration of the 
bacterial flora of the intestinal tract. 

In the present report, we have summarized the clinical results obtained in 
the treatment of 30 patients suffering from a variety of infections owing to 
organisms which are sensitive to its action. Eight patients suffering from 
bacteremia have received the antibiotic by either the oral or intravenous 
route. Bacteremia owing to Bacteroides, to Escherichia coli, or to Strepto- 
coccus mitis has responded satisfactorily to treatment. Three failures oc- 
curred, 1 in a case of bacteremia owing to Escherichia coli, 1 to Streptococcus 
mitis and 1 to Micrococcus pyogenes. Acute monomicrobic infections of the 
urinary tract owing to Escherichia coli or to Paracolobactrum also have re- 
sponded in a satisfactory manner. Infections of the respiratory system, 
including acute laryngotracheal bronchitis, acute follicular tonsillitis, and 
bacterial, as well as nonbacterial, pneumonia, also have responded satisfac- 
torily. Included among the miscellaneous infections treated were erythema 
multiforme, cellulitis, an abscess, and generalized peritonitis. Beneficial 
effects were noted in these infections. No demonstrable effect was observed 
on the course of herpes zoster in 1 case. 
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: TERRAMYCIN IN THE CONTROL OF VENEREAL DISEASES* 


a By Arthur G. Schoch and Lee J. Alexander 


Dallas Syphilis and Venereal Disease Clinic, Parkland Hospital, The Penicillin Research 
; Center, and The Southwestern Medical Foundation, Dallas, Texas 


doses recommended to us werevariable, naturally, and the clinical experience 
_ furnished us indicated that gastrointestinal reactions to the new antibiotic 
__ were to be expected. 
-. One reason we arbitrarily started using terramycin hydrochloride in low 
dosage was that this method expedites finding an effective time-dose relation- 
_ ship. This we found to be true, in 1943, in the beginning of penicillin treat- 
_ ment of early syphilis. It required only six months to determine that peni- 
cillin dosage under a million units was inadequate; it required about five or 
six years to determine that the optimum dose was between one and ten mil- 
lion units, now known to be about five million units. 
‘ Another reason for starting test patients on low doses of terramycin was 
- to minimize treatment reactions. We, therefore, adopted a schedule of 
treatment for gonorrhea which consisted of giving four capsules (1 gm.) in 
a single dose. Forother venereal diseases, namely, syphilis and granuloma 
inguinale, we adopted a schedule which consisted of giving two capsules (0.5 
gm.) three times daily, six hours apart, for seven days. All patients ex- 
perienced looseness of stools, and, when terramycin hydrochloride was 
continued over a period of seven days, this became a problem rather than 
an annoyance. None of the patients complained of nausea or vomiting. 

We are reporting on a small pilot series consisting of 26 cases of gonorrhea, 
2 cases of primary syphilis (one seronegative and one seropositive), and one 
case of granuloma inguinale. Our independent findings corroborate and 
parallel the observations of a group of investigators recently reported in the 
Journal of the American Medical Association, May 6, 1950. In this report, 
Hendricks, Greaves, Olansky, Taggert, Lewis, Landman, MacDonald, and 
Welch reported on a pilot series and were able to draw similar conclusions; 
namely, that terramycin in doses which ranged from 1 to 4 gms. per day 
proved effective in the treatment of gonorrhea, syphilis, and granuloma in- 
guinale. 

We treated 26 cases of gonorrhea by giving 1 gm. of terramycin hydro- 
chloride by mouth at a single dose. Twenty-three were well (smear and 
culture negative) when re-examined 24 hours later. Three patients who still 
exhibited gonococci were retreated with 0.5 gm. terramycin hydrochloride 
every six hours for three doses. All three responded to retreatment in 24 
hours. All 26 patients were still symptom free and well one week from the 


time of starting treatment. 


* This study was made possible by a grant from Charles Pfizer and Company. 
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Twenty-four hours after the beginning of treatment and after 1.5 
terramycin hydrochloride had been administered, the lesion was da 
negative. The patient has remained seronegative during the six weeks 
follow-up period and, at the present writing, is clinically and serologically 
well. & 
A second patient, a negro male with seropositive primary syphilis, was 
treated in the same manner: terramycin hydrochloride in 0.5 gm. dosesevery 
six hours for three doses per day for seven days. Healing of the primary 
lesion took place in approximately the normal manner. Pretreatment quan- — 
titative Kahn titer was 64 units. Three weeks from the beginning of treat- 
ment, the Kahn titer had dropped to 32 units. coo, 
Both patients with primary syphilis are under observation, and neither 
has received additional treatment. 


Summary and Conclusions — 


Ina small pilot series, consisting of 26 cases of gonorrhea, one of granuloma 
inguinale, and 2 of primary syphilis, terramycin hydrochloride administered 
orally on a low-dosage schedule appeared to be a satisfactory treatment for — 
gonorrhea and only partially effective for granuloma inguinale. Apparently, 
terramycin is definitely effective in the treatment of primary syphilis, but 
to what extent must be answered by a large-scale investigation. 

Terramycin will probably find a definite place in the antibiotic treatments __ 
of venereal diseases. The relative effectiveness of antibiotics must of neces- 
sity await further investigation. Terramycin administered orally on a low- 
dosage schedule certainly deserves further investigation. 

In order to appraise the status of treated syphilitics, it is mandatory that — 
adequate or inadequate therapy with terramycin be at least roughly defined. 
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j regular intervals as cloth-bound volumes. ee eee ae 


C) ‘The Mewmors (quarto series), established i in 1895, are ened at ir- 
~ regular intervals. It is intended that each volume shall be devoted to 

monographs relating to some particular department of Science. Volume I, 
Part 1, is devoted to Astronomical Memoirs, Volume IL to Zoological 
Memoirs. No more parts of the Memoirs have been published to date, 
a: price is one dollar per part. 
a0) Tue SCIENTIFIC SURVEY OF PUERTO RICO AND THE Vircin ISLANDS 
‘ Picctave series), established in 1919, gives the detailed reports of the anthro- 
- pological, botanical, geological, paleontological, zoological, and meteoro- 
Ei. logical surveys of these islands. 

Subscriptions and inquiries concerning current and back numbers of any 
of the publications of the Academy should be addressed to 
ao: 3 EXECUTIVE DIRECTOR 

iGe aoe The New York Academy of Sciences 
2 East Sixty-third Street 

New York 21, N.Y. 


